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EDUCATION IN ITS RELATION TO AGRICULTURE * 


RY 


BERNARD COVENTRY, 0.1.E., 

A^rir,ultnval Adviser to the Goveiument of Indta i-vui IhieHor of the. Fnsa 
Aa^ficnlturol Research Institute 


I mil no ediii atoi\ no toaniior ; I have niadi^ im j).sv(*hologi(ial 
study of young people from au educational ])oin1 of view, nor of 
t^he diffojont methods of teac^hingsuited to diffeivid ages, no statis¬ 
tical investigation of the infiuem e of partic ular curricuda in training 
tlio mind or furn^ ming it witli useful iid'orniation. I have, in shoit, 
noitlior iMacU* f.do^rihiit.ioTis to the science of ofliiCHtion nor nrartised 

',he iivt .I speak only as a nieiiibev of the 

general public not as an cxjiert.not that T regard 

the view of the general pnblio as nniniportaiiT. 

'I’lie general pnl)lu- nmst. as all will adniil., dee.ide wlial is to be 
spent on education or. more strictly, on schools and colleges and 
professional oducators, out of both iniblic and^ private income- 
it is for theTii to decide on its relation to other social and family 
needs. But the concern of the public with educat ion is not merely 
financial and administrative. It is more intimate than that. h'oJ’ 
education is not a subject like physics or chemistry on which only 
an export has a right/ to an independent/ view. 'I’here are, 7U) donbt, 
aspects of it of wliieli only the expert can properly judge, lliej e are 
experiments in it. whi(di only the expert can advantageously try, 
and there are, of course, departments of it iii which thc^ ojjiuiou of 
the expert is indispensable. But without, depreciating either the 
science and art of educat/ion, it is clear that when we take education 
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in its widest sense it concerns everybody and almost everybody 
is bound to have views about it.” 

These words were spoken by no less a person than Mrs. Henry 
Sidgwick in her address as President of the Section on Educational 
Science at the recent meeting of the British Association at 
Manchester. 

I feel like Mrs. Sidgwick that I am “ no educator and no teacher ” 
and that an apology or at least an explanation is required from 
me for troubling you to-day in a subject on which 1 am not an 
expert. But when we have it on such an authority as Mrs. Sidgwick 
that education “ concerns everybody and almost everybody is 
bound to have \dews about it ” I feel I have a measure of sanction 
for imposing my views upon you. I do not propose, however, to 
make fuU use of this sanction and teU you all I think about educa¬ 
tion, but I propose to restrict my remarks to education in its relation 
to agriculture and further with the exception of an introductory 
statement dealing with a few facts, I do not propose to say much on 
the education of vouth, but of that of the adult. You will probably 
all admit that this is quite a novel an<l pec.uliar way of dealing 
with the question of education, but I trust you will find it none 
the less interesting and instructive. J should like to say before 
I go any furt.her that I claim no credit for the ideas I shall place 
before you. They all come from America and, like every thing that 
comes from that wonderful country, they are excee<lingly “cute” 
and practical and in my opinion are eminently appli<!able to 
India. 

The population of British India comprises over 255 million 
souls. Of this vast multitude 80 per cent, or over 200 millions, 
that is to Siyy, 4 in every 5 are dependent on agriculture. Any 
educational system therefore which does not take into considera¬ 
tion the relationship it should bear to agriculture is likely to be at a 
disadvantage. It is on the importance of this aspect of the educa¬ 
tional problem J intend to address my remarks. Now out of the 
whole population, millions or about 3 per cent, are scholara, 
though’16 per cent, or 36 millions are of the school-going age. Thus 
only 20 per cent, of those of the school-going age receive any 
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etiuoation at all. Of these million soho^rs, about 1 million 
proceed to secondary education and about 40,000 reach a University 
career. * 

In judging of these figures in relation to the agricultural industry 
it should be borne in mind that the percentage of scholars is much 
higher in the urban than in the rural areas and also that a very large 
number of rural scholars never get more than a mere, smattering 
of the most elementary education; so that educational efficiency 
in rural areas is very much lower than the official returns of general 
education would indicate. I may appropriately refer here to a 
small brochure entitled “ A Policy of Rural Education ” by Mr. S. H. 
Fremantle’, the Tollector ol Allahabad, which has quite recently 
been publishtid and. v' hich is well worthy of peru.sal. Ho complains 
how both in urban and rural schools education is too literary and 
how primary schools are worked for the benefit of that small section 
which (5an afford a secondary education and not in the interests 
of the overwhelming majority of agriculturists, most of whom 
abandon their stu'lies after a few months. 1 think Mr. Fremantle 
is riglit. It means that very few indeed of the agricultural popula¬ 
tion get .my education at all, and that, as a class, it can be put 
down a.s alnio.st illiterate. The authorities have not been ignorant 
of these facts, and it is not from want of trying to improve matters 
that things are at such a low ebb. Much has been done in recent 
years to improve our system of education, especially in its relation 
to agriculture and the subject may be said to have received an 
unwonted measure of attention. In 1901 an important conference 
was held at Simla presided over by Lord Curzon which led to a 
complete overhauling of the existing educational machinery. A 
policy of reform was then started, the vitalizing influence of which 
is felt to this day. A depai-tment of education was created with 
a member of council in charge. Money grants were increased and 
they have still further increased, as a result of keen interest taken 
by the present Viceroy Lord Hardinge who has made education a 
special object of Ids attention. Thus the total expenditure which 


* “ A PoUry of Rural Rducation” by S. H# Fremantle, C.I.K. Newman, Calcutta, 
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in 1901 was 4 crores,'to-day is over 10 crores. The number of pupils 
in 1901 was 3f millions, to-day it is millions. Interest has been 
stimulated in every quarter and expansion is noticeable in every 
branch. 

Agricultural and rural education have had quite a fair share 
of attention, and the need which exists for connecting the teaching 
of the schools with our chief industry has been and still is fully 
recognized. I therefore do not complain of want of endeavour. 
But it cannot be said that these effoi-ts have been crowned with the 
success one would have wished. But if we have to admit failure, 
whether complete or partial, we have gained considerably by the 
discussions which have resulted and by the Ught which has been 
thrown on the difficulties inherent in the problem. 

Tlie occasion when agi'icultural education first seriously engaged 
the attention of Government and the people was in 19(G, when the 
policy for improving the agricultural industry was started by Lord 
Curzon. At first it was the intention to restrict efforts to improving 
the industry itself, but later, influenced no doubt by the examples 
of advanced schemes abroad, the Government elaborated a policy 
under which not only research and experiment, but agi’icultural 
education proper, formed an important and intogi-al part. Large 
sums of money w'ere devoted to the erection of agi’icultural colleges 
in nearly all the Provinces. Syllabuses were prepared by the Board 
of Agriculture and the Colleges were empowered to grant a diploma 
of licentiate of Agriculture. At first signs of success were not 
wanting. Candidates freely offered themselves for admission and 
there was found no difficulty in filling the colleges, How'ever, as 
time rolled on, a decline in admissions became perceptible until the 
year 1913 when, in some colleges, the position became acute and the 
matter was brought up for consideration before the Board of Agri¬ 
culture. The proceedings of the Board in that year indicate the 
general failure of the schemes drawn up in 1906 and 1908, and we 
find it expressed that the courses were found not to be suited to the 
class of students for which the colleges were intended, that the 
demand and irtility for the course is obscured by its being made a 
road to a degree, that college graduates engaged on the subordinate 
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staff of the Agricultural Department, with very few exceptions, 
failed to show any power to develop any original line, that intelligent 
inquisitiveness and power of independent thought was lacking, 
that the course engendered too much cram and too little power 
of application, and so forth. What was the root cause of this failure 
would appear to be explained in one of the resolutions which stated 
“ that the general standard in the Matriculation or ‘ITniversity 
Entrance Examination does not provide a sufficient basis to enable 
a student to take full advantage of the higher iustruction obtainable 
in the existing agricultural colleges in India ” and the Board 
recommended that a general higher education is necessary in all 
students admitted to such a course. In other words, it would appear 
that the standai'd <^>f general education in the country was too low 
to afford suitable material with which to man colleges of such an 
advanced type as those which had been set up by tin* Agricultiual 
Depaitment. In fact the colleges as educational centres wore ahead 
of the times—primary and secondary education woas too backward. 
Consequently tin ih>;i.nl suggested a compromise .by hovering the 
standard of the college curriculum to meet e.xistiiig (toiKlitious and 
c.xpressed its approval of a two years’ preliminary practical coui’se, 
which had been prepared for the agricultural (iollege at ('oimhatorc 
as an introduction to the more advanced course. IMany of the 
colleges liavo since athqited this, with the result that admis¬ 
sions have considerably ineniased. While we may ex])ect that the 
Department will beneftt by an increase of recwiits foi’ filling its 
subordinate posts, it has yet to be seen how far the education of the 
cultivators W'ill be influenced by the change. My own view is that 
these colleges as instruments for educatiem wu'll not accomplish 
very much, for tlie simple reason that they are ahead of the times 
and that there can be no real demand on the part of the youth of 
the country for an advanced agricultural course until considerable 
progress has been made in primary and secondary education and in 
the improvemt nt of agricultural methods. Not until the industry 
is more highly developed and Ihe standard of living has been 
raised, will there arise a demand for higher education amongst the 
agricultural classes. ' 
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The creation of agricultural colleges, however, is by no means 
the only effort that has been made to improve the education of 
our agricultural youth. Agricultural schools under the supervision 
of the Agricultural Department have been started in some provinces 
which were commended by the Board. They give considerable 
promise of success and, in my belief, deserve every encouragement. 
Also, there have been attempts in all provinces to set up a system 
of rural education by imparting instruction based upon the agri¬ 
cultural surroundings of the children, and endeavours have been 
made to use nature study as a means to that end. But so far the 
results, we must admit, have been of a microscopic character. 

But there is a form of education which is not included in those 
1 have mentioned and is unknown in India. It is a form of 
education which has been adopted in certain parts of America and 
which has of late attracted a considerable amount of attention. 
It is in my humble opinion applicable to the conditions existing in 
India and offers opportunities in which officers of the Agricultural 
and Educational Departments could profitably combine to make 
the problem of education of the masses easier and more efficient. 
1 will give a brief description. 

In America general education is carried on chiefly by tJie 
Government by whom large sums of money are yearly allotted 
to the cause of education, but privately supported colleges are 
abundant and both these and Government schools are largely 
assisted by private benefactions, the most iinj>ortant of which arc 
controlled by a private body known as the General Education 
Boanl. 

Tun years ago great interest had arisen in the upraising of the 
Southern States whose industrial and educational conditions had 
fallen very much behind those of the Northern States. Conditions in 
t he Southern States resemble in many particulars those which obtain 
in niral India. About 80 per cent, of the population is agricultural, 
depending for its livelihood almost entirely on the produce of the 
soil. There was gi'eat backwardness in both educational and 
industrial- progress. Unfavourable economic conditions existed 
which were mainly the result of rural poverty. While the average 
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annual earnings of agriculturists in the Northern States were more 
than 1,000 dollars, those in the Southei’n States w’cre as low as 160 
dollars. Under the auspices of the General Education Boanl au 
enquiry was set on foot to study the educational eoiulit ions in the 
Southern States and to devise the ways and nieatts for improving 
them. The very practical way in which the enquiry was conducted 
is characteristic of the American people. .Surveys wVic planned 
State by State. Conferences were held. Monographs were prepared, 
dealing with the various points on tJic organization of education. 
The c.onclnsions which resulted from tliis enquiry are peculiar. 
To quote from the Report, it “ convinced the Hoard that no 
fund, however Iarg(!. coidd, by direct gifts, contribute a system 
of public school!^; that even if it were possible to develop a .system 
of public schools by private gifts, it would be a positix e disservice. 

.The public school must represent community ideals, 

community initiatue, and community support, (wen to the j)oint 
of saeritice." The Hoard therefore resolved that assi.stance .'should 
be given not b' foisting upon the Southern StiUe.“ a programme 
of education from outside, but by aiding them and co-operating 
with tluuK in educating themselves. When, howexer. it proceeded 
to apply these jnincijihis it was fac.ed with the following initial 
dilliculties. They found the jieojile had not enough money. “ that 
a<lequate development could not take jilaec until the available 
rcsouri'os of the people were greatly enlargetl. Sidiool .sy.'.tenis 
could not be given to them, and they were nqt jirosjicrous enough 
to support thein." “ Salaries w'crc too low to suiijiort a teaching 

profession.C'ompotcnt professional training could 

not exist; satisfactory oquijuneiit could iiot be provided. These 
conditions wore primarily the result of rural poverty. 'I’ln! gicat 
biUk of the peojjle was not earning enough to provide good schools 
and the prime need was money. The Board therefore came to the 
conclusion that it could render no substantial educational service 
until the farmers could provide tliemselves w'itli larger incomes, 
and consequently they resolved that it was necessary first to improve 
the agriculture of the Southern States. Now mark what followed. 
The Board was first advised to address itself to the rising generation 
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and to support the teaching of agriculture in the common schools. 
But after thoughtful consideration this plan was rejected. They 
found that in the absence of trained teachers, the effort was 
impracticable; moreover, there were no funds with wliich to 
pay such teachers, and the instruction itself would not materially 
(jontribute to its own sujiport. Finally, it was impossible to force 
intelligent agricultural instiniction upon schools whose pations were 
not themselves alive to tlie dehciencies of their own agricultural 
methods. Until the public was convinced of tlic feasibility of 
snperioi' and moic productive methods, the iiublic sc/hools could 
not be reconstructeil; once the public was convinced and by 
reason thereof bettor able to stantl the increased cost, the schools 
would natuially and inevitably re-adjust themselves. 

“it was therefore dcliberateh- decided tf) undertake the agri- 
(Uiltmal education not of the futiue fai-mor, hut of the present 
farmer, on the theory that, if he could be substantially helped, he 
would gladly supiioit better schools in more aiul more liberal 
fashion.'’ 'I'lie Bpartl, therefore, set about an extensive empiiry as 
to the best means of coineying to the average working farmer of 
the South, in his manhood, the most efficient known methods of 
iutelligent farming. As a lesult of this enquiry a movement known 
as the ('o-operative Farm Demonstration was set up. A year was 
spent in discovering the most cfl'ective methods of teaching improved 
agricultural methods to adidt farmens. Dj-. Seaman Knapp of 
the United States, Department of Agriculture was engaged to 
show farmers how to improve their agricultural methcKls .and raise 
the standaril of their industry. It was not long before successful 
results were obtained.^ Under improved treatment it may be 
roughly stated th.at the crop yieltls were doubled. Thus in 1909 
the average yield in pounds of seed cotton was 503• (5 per acre : 
on demonstration farms the average was 90()'l pounds ; in 1910 
the figures were 512'1 and 858'9 i-espectively; in 1911, 624'6 and 
1081*8 ; and in 1912, 579*(5 and 1054*8. 

In the growing of corn similar results were obtaiuexl. In 1909 
the ordinary .average yield was 16*7 bushels per acf'e, while on the 
demonstration farms it was 31*7 bushels per acre. In 1910, 19*3 
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and 36‘3, in 1911, 15'8 and 33’2 and in 1912, 19-0 and 35*4. It is 
further stated that the poorer the season, the more oJearJy ditl the 
deinonsti'ation metliods prove their siiperioiity. 'I'lie work was 
also studied from th(! standpoint of the farmer’s hnaiunal profit. 
“ Tn Alabama, for example, in 1912, the average yield of lint cotton 
was 173 pounds per acre ; but demonstration acres aveiuged 428'3 
pounds. Demonstration methods, therefore, nettetl tl<e farmer 
255'3 pounds per acre. At the average price of (U*> dollar;' a bale 
for lint and seed, the farmer made an extra 33 dollars ])ei acre : 
as there were 8,221 acre.s under cidtivatioji on tlx* demonstral ion 
methods, the total gain was 271.000 dollars. In the same voar 
7.402 acres were under cultivation in demonstration <-oni. Demon¬ 
stration acre.s avc.iancd 2(i n liiislu'ls more per a< re tlian the general 
average for the State. 'I.'he demonstration farmeis of ihc Stat(! 
pdfiketed 139,379 (»0 in conse.(|uence. ’ 'I’liis w.is of course in one 
State alone. These methods have not been rc'stricted to cotton 
and (ioin, but hav(! b(ien a])plied to a v(uv large number of crops 
and the pi'opagan i.i, is not limited to (ndtural nieth wds. blit' IS applied 
e(|ually ■'o the improvement in farm eijiiipment. more (oinfortable 
bouses. t»et,i,er bains, stronger teams, better implements and cleaner 
and healthier surroundijigs. Hence it is claimed that thc^ lieiieficent 
results of this work are not limited to linancial prolit and cannot 
entirely bo measured by money, (haractertstic e.xaniples of the 
relief which the new system brought are cited, but one e.xample 
will suliice. In Mississijipi .> years ago the \*aluc of a certa n 
farmer’s produce was one dollar per acre and he was SUn dollars in 
debt. In 1999 his entire farm was worked under the (ioxernnient 
method. He axer.iged 1.100 lb. of cotton •against his neighbom-'s 
300 to 400 lb. Ho made besides 500 busliels of corn and from one 
special flemonstration acre realized 152 bari'els of high class seed 
which he sold for 300 dollars. His debts are now jiaid and he has 
cash in the bank. Ho much for the education of the adult farmer. 
We now come to the effect this movement lias had on the edneution 
of yoiitli. We are told tJiat the initiation of demonstration work 
and the application of tlie jirinciple of co-o 2 )crati()n has j-esnlted 
in tlie disappearance of the disorganization characteristic of rural 
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life. Colleges of agriculture, farmers’ institutes, agricultural high 
schools, “ Boys’ Corn Clubs, ” “ Girls’ Canning and Poultry Clubs ” 
and the like have been brought into existence where practically 
none of these things existed before, and that the social and educa¬ 
tional awakening of the rural South is recognized as being a bye- 
product of the demonstration movement. Statistics show that the 
provision for schools has steadily increased. Thus the expenditure 
for public elementary and secondary schools in North Carolina 
which was 1,091,226 dollars in 1901, is 4,3(K),000 in 191,3. In 
South Carolina the e.xpenditure which was 961,897 dollars in 1901 is 
2,609,766 in 1913, Arkansas 1,369,809 and 4,279,478. and so forth. 
These instances give but meagre examples of the important results 
achieved by the demonstration movement. Kor greater detail 
I must refer you to the Report’ itself. 

I think you will agree with me that the educational ])olicy I 
have described is novel and peculiar. 1 say novel, T do not 

mean that demonstration work has not been used before among 
farmers and cultivators. We all know that it has, l)ut it is novel 
ill the sense, that never before, so far as I am aware, has demonstra¬ 
tion been used in any country as a force and weapon for education 
so as to make it a condition pre(;edent to the education of youth. 
It is a new experiment but a new experiment of a remarkable kind. 
The results indicate that it is no use to try and educate youth if you 
do not first secure the welfare of the community to which it belongs 
and that therefore the development of resources should precede 
education in order of time. What tJie American General Board 
of Education says to the farmer in the Southern States is—You 
are too poor to supply your sous with education; we could assist 
you, but we do not consider it proper to do so, unless you yourselves 
contribute. As you cannot do this, we will assist you to increase 
your earnings so that you will be in a position to provide yourself 
with schools. When you have done this we will assist you further. 
We consider that it would be wrong for us to directly educate the 
rising generation, if you are not able to participate ; in fact we believe 

fftmerai ^Hueatuin Jioard , An Account of lU AotiviiUi ^ 1902-—1911. 61, Bromiwajr, Now Vork* 
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that it would be a positive disservice for us td do so. Your schools 
should be started by yourselves, they should represent comniunity 
ideals, community initiative and community support even to the 
point of sacrifice. 

We have seen how the experiment has succeede^l. Might we 
not with advantage apply the same principles to India ? Miglit 
we not invite the co-operation of the Agricultural Department in a 
general seheme and policy of educijtion ? Is there any likeliliood 
of success without this ? Can we hope to give the youtli of this 
country an adequate educational service unless we go t) the root 
of things, like the Americans have done, and enlist and increase the 
activities of the Agricultural Department in enlarging tlio resources 
of the cultivator and thus build our etlucatioiial .system on the 
•increased prosperity of tiie agricultural classes i 'J’Jiose arc tJic ques¬ 
tions 1 desire to offer for consideration. India is in no better 
“position than the Southern States were 10 years ago. Inrleed 1 
think we may safely assert it is in a far worse position. The average 
earnings of ijulividuals in the Southern States.at that time were 
1.50 dollars. In India, according to some authoritiits, under the 
most optimistic. <;alculatiou8, they are as low as R,s. 30 per head, 
^'ou mu.st agree this give.s little or no scope for .-elf-help. It 
therefore seems to mo plain that under iiresent conditions we cannot 
expect the country to supply itself with the means for an advanced 
.system of education. Nor can Govermnent be expected to dc» so, 
for Government s resources are limited and depend ujion taxation 
and that in tm-n depends upon the ability of the people to be taxed. 
All Govermnent can do is merely to touch the fringe of tin; problem 
aild supply a modicum of education; it cannot afford to do more. 
Mr. Fremantle very well describes the situation when he says: “ We 
should surely pause to eon.sider whether the time is ripe for the intro¬ 
duction of a system of general primary education into rural areas. 
It is a question ivhethel' we are not beginning at the wrong end 
and whether primary education can make any real advance before 
there is a substantial improvement in Economic conditions.” These 
are words which the devotees at the shrine of the policy of fi'ce edu¬ 
cation for the masses might with advantage ponder. ** 
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The question then is whether we can, in any way, make the 
principles which have been so successfully applied in America, 
applicable to India. My belief is that we can. We have practically 
the same conditions here as obtained in the Southern States 10 years 
ago. If anything as I have shown they are a good deal worse. But 
this is no argument against their adoption. Rather the reverse, 
for the lower the degree of prosperity, the greater is the need for 
increasing it. Already in the Provinces a great deal has- been done 
by the Agricultural Department in the way of demonstration of the 
character described and utilized by the American Board of Educa¬ 
tion. But it does not go far enough. It, however, forms a nucleus 
on which to expand and might well be used as a beginning. The 
work is on the right lines. But we require to do more. We want 
more men, more money, wider organization, but above all, we 
require tlie recognition amongst all classes that in this work lies 
the germ of future progress. This is a point which is not genea-ally 
recognized, or, if so, it is certainly not acted upon. While the money 
spent to-day on education is over 10 crorcs of rupees, that on agri¬ 
cultural development is only 50 lakhs. That shows that we have 
not yet got to view these two impoi1;ant problems in their right 
perspective, and do not fully realize the important relation which 
agriculture bears to education. Many think that the development 
of agriculture depends on education, and we gave effect to that view 
when \ve started our agricultural colleges. But would it not seem 
that the truth lies in the opposite direction and that in a backward 
country like India %he advance of education is really dependent on 
the development of agriculture, and that the best form of edrreation 
you can give to the rrrral classes under existing circumstances is 
demonstration in improved agricultrrral methods ? It was found 
to be so in the Bouthern States of America and we have no reason to 
suppose it is otherwise in India. To carry out the idea it is not 
necessary to bring oiu‘ present educational policy to an end. I 
would not propose anything so revolutionary. Government nrrrst, 
as I have already explained, supply a modicum of literary teaching 
and this must Continue, but it would be an immense improvement 
if'the Agricultural Dopaitment were called in to co-operate and 
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demonstration were given a large share in tKe general scheme of 
education. . 

We could not be expected at first to progress with the same 
degree of rapidity as in America, because we have to do a large amount 
of research and experiment before we can demonstrate improved 
methods on a large scale. In America the advanced stage in the 
agricultural development of the Northern States supplied ready at 
hand the stock-in-trade required for at once setting in motion the 
demonstration movement in the backward Southern States. We 
.are not so forward. Still we have achieved enough with our small 
band of workei-s to sliow that the same kind of work can be done out 
here and that all we require is expansion. Given the means for this 
(and who will say it would be a bad investment ?) and a recognition 
of demonstration as an integral part of a general scheme of edu¬ 
cation, and I feel siu e we shall, by such a policy, lay the best and 
socimest foundations for the advancement of education as well as 
of the prosj)eritv of tlie ])(H)])le. 
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One of the main direc-tions in Avliich Indian agri(mltnre can 
be improved is in the proper use of irrigation water. Overwatering 
is the rule throughout the Continent, particularly on the alluvium 
of the Tndo-Gangetic plain and in many of the deltaic areas of 
Peninsular India. Among the many evil consequences of over¬ 
irrigation is the development of a superficial root-system, with the 
consequence that many of the irrigated (;rops are particularly 
liable to drought and can only be ripened by the use of enormous 
quantities of water. Even in arid tracts like Baluchistan, where 
water is exceedingly scarce and land abundant, similar wasteful 
practices are in vogue and but little real use is made of the present 
supplies or of the rainfall which, in this region, though small, is 
particularly well distributed. With the object of drawing atten¬ 
tion to these shortcomings, the water-saving experiments des^ibed 
in this paper, have been carried out. The opportunity has been 
taken of stating very briefly the main principles on which the right 
use of irrigation water depends. 

( 14 ) 
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I. The Agricultural Factors in the Quetta Valley. 

The general agricultural conditions in the Quetta valley resemble, 
to a considerable extent, those of large areas of CeAtralAsia and 
are markedly different from those of India. The valley is situated 
at an elevation of about 5,500 feet above the sea and is surrounded 
by high mountains. There is a gentle slope from the sides to the 
(Centre and the main drainage line is westward. 

Soil. The soil varies from brown to black in colour and resem¬ 
bles the alluviimi of the Indus valley in geiwTal appearance and 
texture. It is a loess deposit, apparently formed by accumula¬ 
tions of wind-blown dust, sometimes mixed with alluvium. With 
such geological history and in a climate of great aridity, there 
have been no opportunities for the aficumulation of organic matter. 
It is not surprising therefore to find that stable nianure and green- 
manuring lead to an immediate improvement in production. Most 
of the soil of the (mltivated areas does not possess a great range 
in the size of the particles and behaves on wetting very much like 
the Grangetic. allcvium. Flooding destroys the porosity and the 
suri'ace •’•inis Together easily. Under the dry, hot winds which 
are I'retpient ai (hietta, irrigated land sets on the surface into a 
'•ement-like mass, which cra<'ks in all directions and rapidly loses 
its moisture. There is a great response to aerating agencies such 
as heavy dressings of stabh' manure, the growth of a lucerne crop 
or green-manuring wdth shajtal (Trifolhm reswpinaimn), 

Rainfall. The total rainfall is low, about 10’5 inches a year. 
Most of the precipitation takes place during the winter months, 
November to March, often in the form of snow'. The shallow, 
cold-weather depressions, which form over Persia and move down 
into North-West India, often pass over the Quetta valley, and, 
in doing so, deposit a portion of their moisture. It is tu this cause 
'that the w'inter rainfall in tliis tract is principally due. The valley 
is outside the usual area of the Indian monsoon, but it sometimes 
happens that the storms which cross the continent from the Bay 
of Bengal, after depositing most of their moisture in Hindustan 
proper, break up among the valleys of Baluchistan. These increase 
the hiunidity of the air and give rise to showers of rain during the 
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months of July and August, but the total quantity received is very 
small. 

Besides tbe winter rain, there are three chief sources of water 
for agricultural purposes— harezes, artesian bores and subsoil water. 
The usual method of irrigation is by means of the harez. This 
is an lurderground ditch on sloping land, which collects the sub¬ 
terranean water near the hills and discharges it on to the surface. 
It is really an adit with a slight slope, driven into a fan talus with 
a much greater slope of 300 to 000 feet per mUe. The land below 
the opening of the harez is watered by gravitation. The artesian 
bores as a rule are only about 100 to 200 feet deep and are of from 
three to four inches in diameter. The water comes from under¬ 
ground streams so that this method of supplementing the rainfall 
is largely a matter of chance. The distance to the water-level in the 
wells varies a great deal. In the (Hvil Station at Quetta it is often 
less than 10 feet, but on the. higher laixd outside it varies from 20 
to 30 feet. Little use is made of this water at jn’e-sent for irriga¬ 
tion purposes on account of the expense and trouble of lifting it. 
There is little doubt, however, that in certain localities, this ground- 
water is made use of by trees. 

Temperature. There is a well-marJced winter at Quetta and, 
from November to March, the general temperature is low. The 
summer months June, July and August are hot and, during this 
period, the minimum temperature is high. The mean varies from 
40° in January to 78° in July. The feature, however, of the cli¬ 
mate is the great daily range of temperature and the fact that 
during the winter there is a good deal of air movement. The diuriiul 
range varies from 21°-8 i.n January to 32°’7 in November. 

Humidity. Except when the south winds blow in July and 
August or after rain, the himiidity of the air is low, much lower 
than in many parts of the plains of India. The drying effect 
of the air is further aggravated by much air movement, often 
from the west. Evaporation is therefore rapid so that in fruit 
and vegetable growing, devices for checking the effects of dry 
winds are necessary. Mud walls, wind breaks of growing trees and 
roirpnijfWch shade the groimd, can be used for this purpose. 
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IT. The Pbe.sent Methods op Growing Wheat. 

The wheat crop of the Quetta valley is produced iu two very 
distinct w’ays—^under irrigation and as a dry crop. In both cases, 
the land is fallowed at least during the summer months preceding 
sowing. The feature of the irrigated wheat growing .area near 
Quetta is the large amount of fallow land and the concentration 
of the available irrigation water on to a comparatively small area. 
Land is abundant but water is scarce. AVliere manure can be. 
obtained, as iu the region surrounding the Canconments, it is freely 
applied for the production of this crop. 

Irrigated wheat. During the early part of the year a certain 
amount of rough cultivation is given to the fields selected for wheat. 
When Canopus a]jpears in September, the preliminary v^atering is 
given and, when the land is dry enough, the seed is broadcasted on 
the surface, the land ! roas-ploughed and then levelled with the beam. 
Alter 40 days, the first irrigation is applied followed l)y the second 
at the end of Dec-eniber. W'atcring is stopped during the mouths of 
January and Keltuary and the third irrigation is given at the end 
of Kebru.iry. Tlier<i is then a cessation while the crop is shooting 
and th» fourth application takes place about the middle of April 
followed l)y at least two more at intervals of about fifteen days 
till tlie grain has f()rme.d. Including the })reliminary irrigation 
before sowing, .at least seven watei’ings are given for irrigated wheat 
and, to obtain the highest yield, the land is always heavily manured. 

The most interesting and significant featuresnjf the crop are the 
slow rate of develo])ment about the time the ears appear an<l the 
manner in whic.h ripening takes place. The well-known changes in 
colour of the ears during lipening do not occur at Quetta. The ears 
dry up slowly from the tips rather than ripen and the full colour of the 
chaff is not developed. There appears to be a factor whicJi limits 
the rapid ripening of the crop and there is .some evidence for sup¬ 
posing that this is want of air in the soil caused by the destruction of 
the tilth by frequent watering.' Towards the end of the season, the 
temperature rises rapidly and the hot, dry, westerly winds set in. 


% 


I Soil Ventilation, BvUetiv 62, Agritulivtal Btatartli JneiiMe, Pvaa, J916. 
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Dry whe»t. For the unirrigated wheat, the fields {hands) near 
Quetta are embanked. These are filled with rain or fiood-water 
in the summer or winter, after which they are ploughed and the 
seed sown. In other parts of the District, such as Pishin and Toba, 
the dry wheat tracts are seldom embanked and sowing takes place 
only when the rain and snowfall have given sufficient moisture 
for the purpose. Everywhere the dry crop is dependent on good 
rains in the winter and spring and sowing usually takes place only 
after the fields have received sufficient moisture. Dry wheat in 
the Quetta valley is a precarious crop and the yield rarely exceeds 
five maunds of grain to the acre. In parts of the Quetta tahsil and 
in the Alizai circle of Pishin, a system, known as garar, is followed 
in dry crop lands, the soil being prepared in September and October 
and the seed sown without moisture after which it is left till the 
vdnter rains cause it to germinate. 

Yield. The results of numerous crop cutting experiments in 
the District are summed up in the Quetta-Pishin Gazetteer (p. 102) 
as follows:— 

“ In Quetta, 75 expeiiments were made in 1895-6 and the 
outturn of wheat per acre in irrigated land was found to be 15| 
maunds, the highest being 17^ maunds in the Kasi circle and the 
lowest 14 maunds in the Baleli and Durrani circles. Mr. J. A. 
Crawford, in commenting on the items, remarked that the results 
of crop experiments were notoriously apt to be higli. Further 
experiments, made in 1903-4, however, showed still higher returns, 
the average in irrigated and manured land being 24 maunds 6f 
seers, and in irrigated land, not manmed, 13j maunds. In other 
parts the average has been found to be as under:— 



Pishin 

Shorarud 

Chaman 


Mda. 

Mds. 

Mds. 

Land irrigated and manured ... 

25 

15 

15 

Irrigated land not manured 

16 

12 

10 

Dry land 

5 

5 

3 


The average yield per acre in land under the Government 
irrigation works in Pishin, which are not generally manured, has 
been as follows;— 
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Mds. Bn. Ch. 
Shebo Canal, 1892-3 to 1903-4 ... 5 32 14 

KhuBhdil Khan, 1892-3 to 1903-4 ... 7 34 * 9 

In such a manner is the wheat crop produced in the Quetta 
. valley at the present time. It will be interesting to exauiine criti¬ 
cally these processes iu the light of the principles on whicjh agricul¬ 
ture has progressed in other arid tracts and to ascertain how far 
they conform to the best irrigational practice. 

HI, Tiik Principles UimERLyiNG Water Saving. 

In the growth of the wheat crop under conditions where the 
rainfall is twenty inches or less, experience has shown that, in order 
to obtain the highest possible yield, the water-conserving methods 
of dry farming must be employed. Where in such cases the rain¬ 
fall has to be supplemented by irrigation and the wheat crop has 
to be grown, partly by means of the natural rainfall and partly by 
artificial watering, it has been found, both by experience and by 
experiment, that, the best results are obtained by tlie skilful appli¬ 
cation of the following five principles:— 

1. The irrigation water available should be spread over the largest 
possible area. This rule is based on the fundamental law that, as 
more water is applied to a field of wheat, there is a regular dimi¬ 
nution in the yield per unit of water applied. Tliis will be clear 
from the recently published Utah results.^ 

Table 1. 


Yield of u'heat with varying qtiantities of irrigation imter. 


IticOie.s t)f 
inijration walei- 
nppiiotl 

Hu.shfls of graili 
to thf acre 

of straw 

1 0 the aero 

1 

PouikIr of j Bu.RlieK of when 
striilv for caeh ! for oaoh inoh 
bushel of grain ot water 

5*0 

37-81 

2,986 

79 

7*56 

7*5 

41-54 

3,301 

75 

C-39 

10-5 

43-53 

3,452 

79 

4 35 

15-0 

45-71 

,3,954 

87 

3-05 

25*0 

46-46 

4,311 

93 

1-8C 

350 

48-55 

4,755 

• 98 

1-39 

f)0*0 

49-38 

5,332 

108 

0-99 


i WldBtoe, Pfinciplea of JrrifjfattM Pf^elice^ 1914, p. Z50- 
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Tlie chief poiiit wliich emerges from these experimcuts is tlat 
when five inches of iiTigation water were ap}»lied each inch produced 
7'50 busliels of wheat. Wlien tlie water was increased to fifteen 
indies, cadi indi yielded only tliree bushels. When the large 
quantity of fifty inches was employed, each inch produced less 
than a single bushel of wheat. Small waterings therefore do tar 
more good per inch of water than large applications. This point 
is rendered clearer by the results obtained in Utoh when 30 inches 
of water Avere spread over six acres instead of over one. The total 
yield of wheat rose rapidly from 47‘61 to 226 bushels. 



' 

30 ACRE-IUCHES BPBICAD OVER 


1 acre 

2 ncre«J 3 acres A acres 

C acren 

Grain 

! 47‘/)l , 

91-42 1130-59 ,160-16 ! 

1 ' 1 

226-16 basheU 

Straw 

; 4,532 

2,908 ; 10,256 , 1.3,204 ■ 

1 1 I 

17,916 poundH 


The.se figures dearly indicate that when the quantity of water 
is limited, as it is in most arid tracts, the lefist possible amount 
needed to ripen a wheat crop must be applied to cacli acre of land. 
With these fact.s before us we should expect that the six or seven 
heavy irrigations applied to a single crop of wheat at (Quetta mu.st 
result in an enormous waste of valuable water. 

2. Heavy waterings reduce the proportion of grain to total crop. 
This principle is well known and is confirmed by numberless experi¬ 
ments. With the increase in available water, the length and weight 
of straw increase far more rapidly than the weight of grain. As 
straw' is much cheaper than wheat, it is dearly of no advantage 
to use valuable w’ater mainly to increase the yield of straw’. Tliis 
point is brought out in Table I above where in the fourth column 
the rise in the proportion of straw to grain with increasing irriga¬ 
tion is indicated. 

3. The growth period* of wheat Is increased by heavy watering. 

All observers who have carefully studied the wheat crop must have 
'been impressed by this fact. At Quetta, the difference between 
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the time of ripening of wheat grown with the, minimum quantity 
of water and that raised by the zamindars is at least a month. Late 
ripening is a great disadvantage in the Quetta valley as towards 
the end of the season the temperature rises rapidly and this rise is 
accompanied by hot, dry, westerly \vinds. Maturation therefore 
takes place under exceedingly unfavourable conditions as is shown 
by the fact that the wheat crop does not really ripen and show the 
usual development of bright chaff colour, but merely dries u]> to a 
somewhat uniform dull white. It is not surpridug, therefore, that 
the grain is not well filled and that the feeding value of the hhusa 
■is greater than that imported from Sind. 

4. When the water supply is limited, the root development of the 
wheat crop must be deep. The first stage in the growth of the wheat 
plant is largely subteri-aneau and, during this period, root formation 
goes on rapidly, provided the soil has been well cultivaied and con¬ 
tains a sufficient supply of air and moisture. Wheat should not 
be watered during this stage, as irrigation, hy interfering with the 
air-supply, tends lv> chock the downward development of the roots 
and to encourage superficial rooting. Such a shallow-rooted crop 
cannot make the l>est use of the winter rain and is particularly 
liable to suffer from drought. Tlie two early waterings of the 
wheat crop at Quetta are therefore harmful as, alter sowing, the 
roots should be made to grow down deeply into the soil aivl abstract 
moisture from the lower levels. 

5. The soil moisture must be preserved as far m possible by a 
surface mulch of dry soil. The moisture iu t he soil, in which a wheat 
crop is growing, is lost mainly by evaporation from the surface and 
also by transpiration through the plant. It is obvious that when the 
water supply is limited, as much water as possible must be passed 
through the plant and as little as jiossiblc lost by evaporation from 
the surface of the ground. The easiest method of checiving this 
evaporation in the ca.se of wheat is by means of a surface mulch of 
dry soil, produced and maintained by suitable methods of culti¬ 
vation. The loose, dry layer of earth on the surface liimlers the 
movement of soil water into the air. The action of the mulch is 
not difficult to explain. Tlie moisture iu the soil occurs as thin 
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films suirounding the soil particles and, after surface irrigation or 
rain, these particles run together into a position of close packing 
so that the water films forma continuous system right through 
the soil. At the surface they come in contact with the atmosphere. 
If the air is dry, evaporation of the water takes place at once. 
When the air is dry and warm and also in rapid' motion, as it often 
is in arid tracts, the evaporation is exceedingly rapid and the irri¬ 
gated or rain-wet surface rapidly dries. As the water near the 
surface of the soil passes into the air as vapour, a continuous move¬ 
ment of water takes place froni the soil and subsoil to take its place 
At the same time deep cracks are formed, so that the evaporation 
soon begins to affect the moisture in the subsc»il as well. The 
result is rapid drying out to a gieat depth. Th'’ dry mulch breaks 
the contact between the films of water round the particles .and the 
atmosphere and checks evaporation. Its cfliciency depends largely 
on its depth. A three-inch midch will often reduce t ho loss by 
evaporation at least fifty per cent., while a six-inch iimlch is 
much more effective. A mulch, about a foot tliick, often prevents 
evaporation altogether. 

In wheat growing, the surface mulch has to be produced while 
the crop is in the ground and often while tlie seedlings are small 
and tender. Deep mulches are therefore out of the question as 
their formation would destroy the crop. It is found that very 
effective mulches can be produced in a young wheat crop bv an 
implement known as the lever harrow. This is an ordinary toothed 
harrow so constructed that the slope of the tines can be altered 
by a lever. By sloping them backwards, a lever harrow can be 
drawn over a young crop of wheat without <lamage to the plants 
and, at the same time, any surfac^e crusts can be broken up and a 
mulch of dry earth produced. On soil like the J ndo-Gangetic 
alluvium or that of the Quetta valley, a siiigle cross-cultivation 
with these harrows will produce a mulch about two inches thick 
which goes far to preserve the water in the soil. The harrow can 
be used till the wheat is nearly a foot high. Whenever rain falls, 
the surface -must be harrowed and the dry mulch re-formed. In 
the Quetta valley, no .such implement as a harrow is used by the 
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Namindars and they do not understand the valu^ of surface mulches. 
In consequence, their dry wheat has to grow and ripen with a sur-, 
face crust always present and with the soil moistifte constantly 
exposed to free evaporation into the dry atmosphere. There is little 
wonder that the crop is so stunted and that the yields are so poor. 

If, therefore, the methods of growing wheat at Quetta are 
examined in the light of the best modern practice in arid regions 
only one conclusion can be drawn. The local practices are wasteful 
and unscientific in the extreme. Water is thrown away in all 
directions; there is no effort to conserve the soil moisture and to 
make the best use of what is, to the wheat crop, a most timely and 
well-distributed raiiifall. All the conditions were therefore exceed¬ 
ingly favourable for the conduct of water-saving experiments and, 
as soon as the laud for the new Experiment Station was acquired, 
these were set in motion. 

' IV. Experiments in Water Saving at Quetta. 

The experim-iiits in w'ater saving in wheat growing, con¬ 
ducted r.fc Quetta during the last three years, have been of two 
kinds. Wheat lias been grown on the natural moisture only and 
also on the rainfall, supplemented by a single irrigation applied 
to the land before sowing in October. The amount of the rainfall 
during the period covered by these investigations is indicated in 
the table below which gives the precipitation at the Civil Hos¬ 
pital, situated quite close to one of the experimental plots. 

Table TI. 

Uainjall in inches at Quetta, 1912-191o. 

1612.13 191.3.14 l9U.Iu 

September nil nil 0*02 April 

October nil 0*19 1*87 Miiy 

November 0*03 0*95 1*91 June 

December 1-50 0*90 1*16 July 

Januury 0-69 1*70 0 43 August. 

Febrnaiy 3-73 3-29 j 0-45 I 

M«roh 2-69 120 1-44 Towr. 


1912-13 

1913.14 

iei4.i.*> 

0*12 

0-c: 

1-96 

nil 

0‘f>5 

nil 

0-08 

0*46 

nil 

0*19 

0-76 

nil 

012 

ml 

nil 

9-15 

10-97 

9*24 


I 
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It will be seen that practically all the rainfall is received between 
October and May during a period when the wheat crop can make 
use of it. It is unusually well distributed and can be entirely 
absorbed into the ground, provided the surface is kept in the proper 
condition to receive it. This distribution of the rainfall is uu ideal 
one from the point of view of the wheat crop, and it is a great pity 
that so little use is made by the cultivators of tlie gifts of Provi¬ 
dence and that they do not attempt to conserve the moisture by 
means of a surface mulch of dry soil. 

Wheat grown on natural mobture only. 

In the season 1913-1914, two large plots were sown with wheat on 
natural moisture only. In both cases, no storm water was embankeil 
on the laud before or after sowing as this was impossible on 
account of the situation of the ground. The only moisture at 
sowing time was that conserved during the dry, hot summer from 
the previous winter rains ly a surface mulch of dry soil, some three 
to four inches in depth. 

The first plot, three acres in area, was situated at tlu* new 
Experiment Station about two and a half miles from QinUla. The 
land wiis high-lying and freeh' (^.xjiosed to the hot, drying winds, 
it was unmanured and so situated on a riilge that if rcceiverl 
its own rainfall only and was not subjected to any surface 
wash from higher land. The mulch was found to conserve the 
soil moisture exceedingly well up to the end of .luue but, during 
the hot months of July, .August, and Sejitcmber, the subsoil dried 
a gi’eat deal and, at sowing time, there was insufficient moisture 
for even germination aiul for maintaining the seedlings till the 
winter ruins set in. The result was a very thin croji which gave 
only 2 mauuds 27 seers of grain and 7 maunds 23 seers of hhusa 
per acre. 

The second plot was just over half an acre in area and wa.s 
situated on low-lying land within the Civil Station at Quetta 
and t o the south of the Residency. The land was heavy m tex¬ 
ture, the subsoil moisture was somewhat near the surface and the 
pl6t was protected from the dry winds by trees and high walls. 
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The growth was luxuriant but some damage was done by yelloAv 
rust (Fucxmia glurmrum) as the wheat came into ear. The yield 
worked out at 21 maunds 1 seer of wheat and 40 maunSs 38 seers ol 
bhusa per acre. The conditions were, however, exceptional and there 
is no considerable area of land in the valley where similar crops can 
be obtained. In one respei't, lioAvever, the result is of interest. The 
land was t)^ical of most of the area on whicli the Civil Station 
has been built, and the fact that a yield of over 20 maunds o£ wheat 
to the acre was obtained without irrigation ar all shows that a 
great deal more use could be made of the subsoil water than is at 
present the case. It can readily l>e understood how easy it is to 
over-irrigate the land in this tract and to turn the foliage of the 
peach trees yellow. 

The water conservation methods employed in Ihese c.Kperi- 
inents were the saim-. In both cases, the crusts formed by rain 
were broken up by the lever harrow and a niulcli of diy soil, about 
an iiurh and a half in depth, was left on the surface. After the 
wheat began to in .March, the use of tlie J/arrow had to be 

discontiniifd will) the re.snlt that the crop had to ri])eu with a 
distinct surface < riist torined by the late rains in March, April 
and May. 'I’liis led to a considerable loss of valuable moisture 
during the ripening peniod. 

Wheat grown with a single irrigation. 

Two large scale experiments were made at the E.vperimen 
.Station in 1912-13 and in 1914-15, in which a single irrigation was 
applied to the land in September prior to sowing in October. When 
it was obsei'ved in 1912 that, in ordinary exposed wheat land, a mulch 
of dry soil three to four inches in depth was insuiiicicnt to conserve the 
subsoil moisture from one winter to sowing time the following October, 
it seemed probable that a single iriigation, applied before sowing, 
might prove effective. This would enable a thorough cultivation of the 
land to be carried out before putting in the seed and would reinforce 
the water in the soil and subsoil to such hn extent that there would 
be ample moisture for germination and for rapid root-development 
before the winter rains were received. 



2^ AGRtOOLtCfeAt ^OOBSAL Of IHDIA cM.1.: 

The land was urigated by surface flooding in the ordinary way 
and, as soon as the surface was dry enough, it was cultivated by 
means of the spring-tooth cultivator and immediately levelled 
.with the beam. This operation is of the greatest importance in 
crop growing in Baluchistan both from the point of view of the 
saving of water and of the production of a good tilth. Irrigated 
land dries very quickly, and, unless it is ploughed up at exactly the 
right moment, large clods are formed which cannot be broken down 
by the beam. Wliere the area watered is several acres and the cattle 
power is limited, it is impossible to deal wth all the land at the 
proper moment with such a slow-working implement as the country 
plough. The consequence is a great loss of moisture and a poor 
tilth. Wiat is required is a machine which will rapidly cultivate 
the surface of a large area and, by the production of a surface mulch, 
check the rate of evaporation and also help to make a good tilth. 
This can be done easily and rapidly by the spring-line (iultivator 
followed by the beam. A pair of cattle with one of these macliines 
will cover at least three acres in a day and, by checking evaporation, 
enable the land to Ije ploughed and sown with ease, at the same 
time producing natural conditions in the soil which lead to the 
formation of an excellent tilth when the land is ploughed. 

After sowing, which was done behind the plough in the ordi¬ 
nary way, the only treatment necessary was the breaking up of 
surface crusts after rain and snow. This was done by drawing over 
the crop, by means of two bullocks, a pair of Canadian lever 
harrows. By sloping the tines backwards these harrows will pass 
over young wheat without damage and, at the same time, break up 
thoroughly the crusts fornted by rain. The cost of a pair of these 
harrows, f. o. b., at New York, is 12’90 American dollars (Rs. 40-4-0) 
and they cover a strip of land 9 feet 8 inches wide. The number of 
harrowings required naturally varies with the year. For the 1916 
crop, the young wheat was harrowed four times. After the crop began 
to shoot, the use of these han-ows had to be discontinued and the 
crusts formed by the rains of late March and April led to a great 
deal of loss of nioistm’e. Experiments are in progress to find 
means of harrowing the wheat up to the time it comes into ear. 
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The 1915 crop ripened about a month before that of the culti¬ 
vators and was affected by yellow rust far less than the irrigated 
wheat. An interesting feature was the full develo’pment of the 
chafi colour which is hardly ever seen in the country crop. The 
results of the experiments are given in Table ITI. 


Table III., 

Yield of wlmit at Quetta with a single irrigatimi. 


Seanon 

. _ _. i 

Arcu in ut*re« 

Yield (d j^iain per acre 

1 


.M. h. 

1912-1;! 1 

rj'OO 

I 

IS ;$0 

1914-l.T 1 

2-8r> 1 

10 2S 
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One uiauuti = Jb. 


The average yield of these large scale e.xperiinents was thus 
17^ maunds per acre or four and a quaTtcr mauuds above the aver¬ 
age yielded by similar uimianui’ed land with six or seven irriga¬ 
tions (p. 18). The real difference between <he Experiment 
Station results and those obtained by the people can best be 
realized however by comparing the produce in ^1h cases from the 
same amount of water. The zamindars water one acre seven times 
and obtain an average of 13| maunds of grain. The same amount 
of water spread over seven acres, if used according to the method 
employed at the Experiment Station, would give 7 times 17| or 124j 
maunds of wheat. The difference in favour of the experiments is 
therefore 11 Of maunds of wheat. If the average irrigated acreage 
of w’heat in the Quetta valley is multiplied by 100, the result would 
indicate, in maunds of wheat per annum, tlie. present annual waste 
of water on this crop alone. On every 100 acres of inigated wheat, 
the water now lost would produce 10,000 maunds of grain and a 
large amount of straw of a total value not far short of half a lalch 
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of rupees. All the water now lost could not of course be translated 
into grain and hhma as the necessary preliminary irrigations could 
not be done in time with the water supply now available. A large 
proportion of the loss however could be utilized in wheat growing, 
while the i-cmainder (iould be employed for the winter watering of 
fniit trees atid in the production of fodder ciops like tshnflal and 
lucerne. 

It is clear that as tar as irrigatetl wheat growing is concei’iicd, 
there is an enormous loss of water which might be profitably employed. 
The skilful use of the lever harrow after rain woidd also increase 
the yield of the uninigated or dry <Top wheat, hlvamined scien¬ 
tifically, the methods now in vogue are. wasteful i»i the extreme, both 
SIS i-egards the pres-ious irrigation water and the winter rain sind 
snow which cost nothing. To enable the zsitnindar to improve 
his practice, two new implements are necessary—the sjjring-tine 
cultivator’ costing about thirty rupees and a pair of Canadian lever 
harrows which cost at New York before the war about forty rupees. 
With proper care and if the working parts are replaced when worn 
out, these implements would last ten years at least, so that the 
annual cost would not be over fifteen ruiHJCs. Each cultivator 
need not purchase these imjfiements for liis own u.sc. Two spring- 
tine cultivators and a pair of lever harrows would suflice for an 
ordinary village. The cost of using them is, from a zamindar’s 
point of view, negligible as ho now has to keep cattle as well as ser¬ 
vants to feed and look after these animals. \ little gentle exercise 
for the men and animals in the winter i»i harrowitig tlie young 
wheat after rain would do them no great barm. The economics 
of the suggested im])roveinent8 in juoduction do not therefore 
admit of argument. At a small cost, a very material increase in 
wheat production is pos.sible in the Quetta valley. The iiwreased 
yields of grain and bhvm will directly benefit both the people 
and Government while the greater production of t he neighbourhood 
is an obvious military advantage. 

* TUe Hpriiig-tino cultivator can >>« list’d for manj’otht‘r inirpoBCfl boKuloH growing* 

Boch as caltivatiiig botwoen tUo rows of trees iu fruit ganit^iis* breaking the surfauc of lueeme 
delds and sowing crops like maix^ and jitor. 
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One jxissible objection must bo dealt wi€li at this point. It 
may be urged that results such as those above are, only possible 
under European supervision and that the zamindars could not 
possibly repeat them. The reply is that the Experiment Station 
results were obtained by the Indian staff and that all the opera¬ 
tions, including sowing, w'ere carried out by the overseer from 
written directions during our absence from Quetta. 

Besides their bearing on the local agriculture, these experi- 
tnents have some application to Indian (sonditions where the saving 
of irrigation water has not, up to the present, received very much 
attention. Then; are several tracts in India where a fair wheat 
crop might easily be raised on a .single irrigatioj) apjdi^'d prior to 
sowdng. In Bundelkhand and other black soil tract.s, where the 
monsoon often cea.scs early and where there is insufficient moisture 
in the ground for germination, a preliminary irrigation before sowing 
would cool ' the hunl and also enable a rapidly maturing variety 
like Push 4 to rijion ,i full crop of wheat. Irrigation after sowing, 
on heav\ l)lack soils, is likely to interfere with the air sup])ly of the 
•rop and to diminish the yield so that .some of the various tank 
projects in the Central IVovinces might be designed to irrigate 
a large area in September and early October once rather than a 
smaller number of acres several times during the cold weather. 
Experience will soon prove wliicJi of the.se methods is the one to 
adopt. In such comparifsons, the yield per acre-inch of w.ater mu t 
be considered, not the jneld per acre. 

In some of the alluvial tracts like Oudh and the middle Doab, a 
single inigation in early Octol)er (provided Ihe moisture, is properly 
conservexl) will probably be found to be sufficient for a rapidly 
maturing w’heat variety. After flooding the surface, the land w’ould 

* It Vi well known that the late rainu of September and early October arc very bcnoficial 
for rabi crops, Thttro is couKidorablc evideneo for Hup]K)sing tlxat a largo jiortion of tlx© benefit 
is due to the wwling effect of thin rainfall on the s(»il. This cnabloH the cold*wcath©r cropflto 
form a deop and vigorous root-Hystcin. In years whon the rains ci^aso early and I Ue soil 
IS hot at so whig time, it is more than likely that a sing To irrigation in laio Septeinbor or in 
early Ootobor, bosklos giving abundant moisture for sowing, would also oool tho ground very 
considerably. The matter is one H'urthy of oxtondc^ experiment as it is probable that in t|)Ui 
way more use could be made, in several tracts of India, of the water available. 




do AGRICOLTURAL JOORKAL OF INDIA [Xt, 1. 

have to be cultivated as soon as possible with the spring-tine culti¬ 
vator, followed by the beam so as to check evaporation and to allow 
of the natural formation of a perfect tilth before ploughing and sowing. 
After sowing, the lever harrow would have to be used as long as 
possible so as to conserve the soil moisture and to break up the 
crusts formed by rain and dew. 

Besides the saving of irrigation water, such a method of wheat 
growing in India has other advantages. Both the sowing and 
harvesting periods could be extended. A rapidly growing variety 
can be sowm quite late, while the same variety, sown at the usual 
time, w’ould ripen considerably earlier than the ordinary crop, thus 
allowing of an early harvest and so relieving the strain on the cattle 
and labour available at this period. 



INDIAN HEMP PIBBE. 

(Crotalaria juncea.) 


BY 

a D’LIMA, 

Op the many Tiidian produfts the trade in which has been 
making steady strides during tlie last ten years, Hemp, the fibre 
of Crotahria juncea, is by no niefurs an unimportant one. Rox¬ 
burgh and the olhei autliors who have followed him have left 
behind them juost valuable literature bearing on the subject, wliile 
the officials of the Agricultural Dejrartjneiit have by means of 
Ledgers and othei ]; 'blications issued fiom time to time added 
considerably to the richness of the literature aheady extant. In 
tiiis article the writer does not claim to make any material addition 
to the said literature, but aims merely at placing before the Indian 
Authorities and the European trade certain aspects of the subject 
from a prac.tic.al business man’s standpoint, and offers a few sugges¬ 
tions which the writer thinks might prove of interest to the trade 
generally, and which, if carried out, might redound to the advan¬ 
tage of the Indian agriculturists to a very appreciable extent. 

To be able to gauge correctly the importance of the export 
trade in Hemp, one has only to refer to the .Trade and Navigation 
Returns of the Presidency of Bombay, and the appended Statement 
ought to serve to give one a fair idea not only of the quantity export¬ 
ed from year to year and of the money value such exports repi'e- 
sent, but also of the manner in which the trade is distributed among 
the various foreign markets. It is true that since 1908-1909 there 
has been a falling off in the quantities exported due more to bad 
crops in some of the more important hemp-growing districts than 
any other cause, but, as will be seen from the Statement appended' 

. ( 81 ) 
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hereto, the decrease in the quantity is compensated for by an 
increase in prices. 

The enormous quantities shown in the Statement do not, how¬ 
ever, represent the produce of the Bombay Presidency alone; on 
the contrary except for a few thousand })a]es the bulk of these 
exports is made up of fibre obtained from the (■entral and United 
Provinces wliere it is grown on a considei-ably larger scale than in 
the Bombay Presidency, and where tlic quality of tlie fibre produced 
is uniformly superior to that available in the Bombay Presidency, 
excepting of course the Hatnagiri district which produces a 
superior and therefore valuable fibre. Whether or not it is 
possible to extend the cultivation of hemp in the Bombay Presi¬ 
dency and expand the trade in it on a parity with the trade now 
being done in some of the more important hemp-growing districts 
in the Ceittral and United Provinces is a question which will bo 
dealt with below. 

For any Indian fibre to be able to command a ready sale in the 
European markrds and realize good juices, it is esstmtial that it 
should be of good length, thin and soft, strong, and above all free 
from sand anddust : indeed the Factory Regulations in Europe, and 
in England })articulavlv, are so very strict, whei-e the utilization of 
dirty fibres is concerned, that Euro|wan buyers have already taken to 
.steadily rejecting all fibres which c.ontain a large admixture of sand 
and mud, and it is not unlikely that wliat little trade there is at 
present in inferior fibres will disapjrear altogether ])e.fore long. 

In the light of these obscrv,ations we .shall proceed to discuss 
the prospects, if any, of fibie jrrepared in the Bombay Prcsideiwy 
being able to compete successfully with fibre, prepared in the Central 
and United Provinces, for unless it can be established that such 
competition is possible even to a remote degree, the industry is 
c-ertainly not worth pcrsi.sting in, and the agriculturists might as 
well trrrn their attention to the raising of some other crop which is 
likely to prove more lucrative than hemp. 

From figures kindly supplied to the writer by the Director of 
Agriculture, Bombay, in 1907, it appears that the area then sown 
with hemp was not less than 22,116 acres. Since then the acreage 
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utilized for hemp cultivation in the various districts has probaMf 
undergone a considerable shrinkage, as the quantity, of fibre ex-, 
ported is nothing like what it should have been if such a large area 
as 22,000 acres were under cultivation. 

The principal hemp-growing district in the Bombay Presidency at 
present is the Ratnagiri district, and the fibre produced there which 
to the trade is familiarly known as “ Deoguddy Hemp '* always 
commands a ready sale and invariably re.alizes a higher price than 
that obtained for the. best descriptions of fibre produced in the 
Central and United Provinces. Except when owing to long drought 
the plants are stunted affording fibre so very short as to render it 
sometimes almost unmerchantable, or when owing to incessant 
heavy rains during the m-atming season and again during tue retting 
season the fibre undergoes a certain amount of deterioration both 
in colour and strength, “Deoguddy Hemp” possesses all the quah- 
ties requisite in a good fibre, ft is of fair length, soft, strong and 
perfectly clean with n fine gloss, and is in request not only in the 
English market,s but ii, is also eagerly sought for* by Continental 
buyers. S-' far +^'erefore as this hemp is concerned, agriculturists 
would be well advised in extending the cultivation, as compared 
with the prices realized for other Indian fibres those obtained for 
Deoguddy Hemp are certainly very remunerative. 

There arc two other gi’ades of hemp produced in the Bombay 
Presidency which once commanded a fair sale in the European 
markets but which of recent years have been steadily falling into dis¬ 
favour, viz., “ Balsi ” and “ Grodhra ” hemp. “ Balsi ” as tlie name 
implies is hemp grown in the Island of Salsette, and in his valuable 
treatise on Crotalaria. jimeea Dr. Watt repeatedly refers to the 
superior quality of this hemp conveying the impression that not 
very many years ago the Island of Salsette produced a fibre reckoned 
superior to even the Bengal sunn-hemp. It seems indeed a pity 
that the cultivation oi hemp should have now been. 
discarded in this part of the Presidency, for ii it were possible to 
prepare in Salsette a fibre possessing the merits which have been 
iscribed to it by certain authors, it should certainly pay the agri- 
julturists to devote greater attention to this industry, the more bo 

8 
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and the European* buyer alike as they could be exported from 
other Indian ports. 

Of the two provinces refeired to above the United Provinces 
undoubtedly have a larger area under hemp cultivation than the 
Central Provinces, but save for 12,000 to 15,000 bales which 
reach Bombay from the Pilibhit, Bareilly, and Moradabad distiicts, 
the bulk of the hemp from the United Provinces is railed to 
Calcutta and thence shipped to Europe. Aprons of the hemp 
produced in these Provinces, it has been a moot point whether hemp 
(Cratalarin juncea) grown in India is of only one kind or whether 
there are several distinct varieties of it, or whether the difference 
in the fibres is due merely to the influence of soil and climate, and 
the different methods adopted in the preparation of the fibres. 
Royle seems to have been of the opinion that there were more 
than one fibre-yielding species ot CrotcUarui, while Roxburgh and 
others were inclined to the idea that only one species ol Sunn-Hemp 
was cultivated in India. In the Metnoirs of the DeqiartmeM of 
Agriculture in India, Botanical Series, Vol. Ill, No. 3, Mr. and 
Mrs. Howard of Pusa provide a valuable contribution on the 
subject, and in the light of experiments peisonally conducted by 
them they establish the existence of two cultivated varieties of 
Sunn-Hemp in India. 

This digression has been rendered neeessjiry because of the 
fact that the United Provinces produce two fibres characteris¬ 
tically distinct, tlie one resembling the Jubbulpore hemp, the other 
a white “ towy ” kind popularly known to the trade as “ Sunn,” 
and there is at least one place in the Fatehpui' district where seeds 
sown at the same time and the plants treated in all respects alike 
give two distinct varieties of fibre, a result w'hich can only be 
ascribed to the plants being two distinct forms of Crotalaria. .48 
the European trade treats these two forms of fibre on a different 
level, it is perhaps as well to discuss their merits and demerits 
separately. “ Pihbhit Hemp ”—this is how the hemp from the • 
United Provinces is known as shipped at present from Bombay 
to European ports^ In many cases of course the description is 
merely a misnomer, as the fibre supplied under this denomination 
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does not always comprise the production of the Pilibhit District 
only. “ Pilibhit ” hemp is reckoned by the European trade among 
the cheaper grades of Indian fibres, Avhich from the p'oint of view 
of the agi’iculturists in this District is most unfortunate, in that it 
.prevents their obtaining tlie real value of the fibre. The area under 
hemp cultivation in the Pilibhit district is over 6,000 acres. Of 
recent years there has been a marked improvement in the prepara¬ 
tion of the fibre, and if care is taken by the agiicultm'ists to main¬ 
tain this improvement scrupulously avoiding all admixture of dirt, 
it should be possible to place on the market a fibre by no means 
inferior to some of the higher priced descriptions of hemp fr’oni the 
Central Provinces. Unfortunately there is a marked tendency, if 
not on the part of some of the agi'iculturists themselves, at any 
rate on the part of tiiose who handle the hemp af<.er il has left the 
agriculturists’ hands, to “ fake ” it >vitli a liberal admixture of the 
more inferior hemp from Bareilly and Moradabad districts, with 
the inevitable result that European buyers not knowing the real 
quality and worth uf the hemp actually produced, in the Pilibhit 
district wih only pay a low pric-e for it. To enable one to judge 
aj)proximately to what extent the “ faking ” process might be 
resorted to, suffice it to say that Bareilly district grows as much 
hemp as Pilibhit and as the two districts closely adjoin each other, 
the transporting of hemp from the former district to the latter is a 
very easy matter. 8o long therefore as the unscrupidous methods 
referred to arc indulged in, the agriculturists of. Pilibhit must be 
content to earn considerably lower prices than they might have 
obtained if the genuine Pilibhit hemp had been placed on the 
European markets. 

There can be hardly any comparison between Bareilly and 
Moradabad hemp with Pilibhit hemp. The former is shorter in 
length, rougher, and above all very much dirtier, and were it sold 
on its own merits invstead of it being used for the purpose above 
referred to, it would reahzo very poor prices. That even in the 
.case of this hemp the •quality could be improved there is no doubt, 
but there is no incentive to any attempt being made in this direc¬ 
tion, and there never will be, so long as the agriculturists from"* 
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these districts cac. be sure of getting the same price for their in* 
ferior fibre as is realized for the superior one from Pilibhit. 

And tiSis brings us to the other variety of hemp produced in 
the United Provinces which has hitherto not been shipped through 
Bombay but which could be shipped as advantageously through 
this port as through Calcutta, specially the hemp produced in the 
Fatehpui, Banda, Allahabad, Jaunpur, Oudh, and Partabgarh 
districts. These districts chiefly produce what is known to the 
European trade as “ Sunn ” Hemp and which is shipped as 
‘‘ Benares ” and “ Allahabad,” the former representing the better 
and the latter the inferior grades. 

Although this class of hemp does not as a rule contain much 
admixture of mud or sand it is nevertheless very cumbrous to 
handle as it contains a large proportion of pieces of stems entangled 
in the fibre. This defect is accounted for by the fact that the 
retted stems after being partially washed are taken out of the water 
and exposed to the sun to dry for some hours and are then beaten 
to separate the fibre. This method not only results in the fibres 
getting entangled but there is always a large proportion of pieces 
of stems adhering to the fibre, and the process of partially heckling 
the hemp which the exporter has to resort to to free the fibre of the 
admixture not only results in a very serious shrinkage in weight 
but also entails very heavy expense. It is strange that this method 
of preparing the fibre should be resorted to in some of the districts 
while in others the peeling process is most in vogue. By the latter 
process it would be possible to obtain a more lengthy and cleaner 
and therefore a more valuable fibre than the one available at 
present. 

Sunn-Hemp {Crotalaria juncea) is grown in most of the dis¬ 
tricts of the Central Provinces but chiefly in the Jubbulpore, Mandla, 
Seoni and Betul districts, and the fibre from these parts as sup¬ 
plied to the European trade is known as " Jubbulpore,” “ Seoni,” 
and “ Itarsi ” respectively. Genuine Ttarsi hemp is the produce 
of the Betul district. It is the beet quality of fibre produced'in the 
Central Provinces and commands the highest price. The season’s 
turnover as weU as the quality of the fibre is, however, very often 
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affected by unseasonable weather conditions in which case it is 
replaced by hemp from the Chhindwaia or Seoni districts. The 
only fibre which approaches nearest to genuine Itarsi is that pro¬ 
duced in Chhindwara, but as the sales of what is known as “ Itarsi ” 
grade invariably exceed the supply, other descriptions are very 
often tendered under this name. Hemp produced in Seoni itself 
while slightly inferior to Betul and Chhindwara hemp is superior 
to that produced in other talisUs of the same district such as Bhoma, 
Gunsoor, Palari, and Keolaree, although all these fibres are tendered 
by the Indian seller and accepted by the European buyer as “ Seoni.” 
Mandla hemp is not unlike Jubbnlpore in quality, while as regards 
the Jubbulpore district, Sihora and SUondi produce a superior 
fibre to that prepared in Jubbulpore and the suburbs. The Nar- 
singpur district (Kareli and Gadarwara) produces the lowest qua¬ 
lity 01 hemp in the Central Provinces and this is often used for the 
same pm'pose in Jubbulpore as Bareilly and Moradabad hemp is in 
Pilibhit. “Itarsi,” “Seoni,” and “Jubbulpore” hemp is always 
in demand ])cth 'ii England and the Continent of Europe, and unless 
the quality of the fibre should show a marked deterioration these 
grades would realize uniformly high prices. 

Besides the various grades of hemp enumerated above, the 
only other fibre whicli reaches the Bombay market is that from 
the Gulburga district, in the Nizam’s Dominions. It is well pre¬ 
pared and in normal seasons the quality of the fibre is very satis¬ 
factory. 

Bombay receives no hemp from the Punjab or the Gwalior 
State, while the whole of the hemp produced in the Madras Presi¬ 
dency is shipped direct to Europe from the Madras coast ports. 

In the Pliilippines, the Government has thought it lit to intro¬ 
duce legislation standardizing the grading of hemp produced in the 
country. In India it would be imporeible to enforce any such 
legislation, nor could the Government undertake it seeing that 
in the case of more important products such as cotton, etc., there is 
no state control over the standardization of the quality. When, 
however, one considers the numerous complaints which have 
leached India from time to time regarding the poor classificatiqn 
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of Indian hemp, and also hears in mind the fact that the prices hitherto 
realized by the agriculturists in some of the hemp-growing districts 
have not been quite as remunerative as they might have been, the 
question which naturally forces itself upon one is whether even 
without any direct state control it might not be possible to devise 
ways and means, whereby the European buyer could ensure his 
obtaining a, better and more unifonii grading of hemp and the 
Indian agriculturist a more remunerative price than that he has 
been getting so far. For the purpose of putting the Indian agri¬ 
culturist in a position to place on the Eui-opean market a more 
valuable article it would be necessary, firstly, to impress upon him 
the importance of improving his present method for the prepara¬ 
tion of the fibre and to try to bring home to him the advantages 
which are bound to accrue if sucli improved methods are adopted ; 
and, secondly, to adopt such measures as will put a stop once and 
for all to the transporting of hemp from one producing district to 
another. The. result of these measures should be that on the one 
hand the agricultunsts will be able to place on the market the 
genuine article of the district, while on the other the cessation of 
the inter-district traffic will prevent any unscrupulous admixture 
detracting from the real value of the superior fibre. The fibre 
produced in each district would have to be sold and bought on its 
own merits; if the fibre were of a good quality it would be bound to 
realize a relatively higher price, and the higher the price the bigger 
would be the agiiculturist’s profit. And here arises a very important 
question. Supposing the agriculturists do succeed in turning out 
a superior fibre, and supposing also that it is possible to success¬ 
fully put a stop to the transporting of hemp from one district to 
another, would that be a sufficient guarantee that the European 
trade will get the genuine article, and that after it has reached 
the port of shipment it will not be so manipulated as to render the 
efforts of the agriculturists and the authorities alike nugatory. 
The only way, therefore, and perhaps the most successful way of 
obviating this risk would be for the hemp growers of each district 
to adopt a co-operative .system of handling their pi-oduce on lines 
sunilar to those prevailing in Norway, Sweden, Australia and other 
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countries in connection with dairy and other agricultural pro¬ 
ducts. By this method the product of a district woidd be collected 
and entrusted to some individual or finn converaant with the in¬ 
tricacies of the trade whose duty it would be to grade the hemp 
and dispose of it to European buyers to the best possible advantage 
of the agriculturists. So far as the hemp industry is concerned 
it should be easy cnongli to work it on the co-operat.ive system, 
and the benefits wliicli would accrue thcrcfi'om to the agriculturists 
would undoubtedly be very great. 

In the literature bearing on the earlier stages of the Indian 
hemp industry, instances are freely quoted of the libre having been 
valued at prices compared with which the prices now paid by the 
European trade are very poor indeed. Tlii.s is due not to any lacdc 
of the sense of apjireciation on the pari of the European buyei, 
but to the fact of tin* fibre being very often manipulated to such 
an extent as to render it almost impossible for the European trade 
to secure .any r eally superior quality of fibre, and as in the case of 
all other pr oduce : o also in the case of hemp the question resolves 
itself into one ol value for- quality. If therefore the Indian agri¬ 
culturists could bo got to produce and tmai out better qualities 
of fibre the Europeait buyer would rro doubt gladly respond by 
paying higher values. The hemp iirdustry is one with a great future 
before it, and one which deserves to be fostered and expanded. 
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THE INDIAN SUGAR INDUSTRY. 

BV 

WYNNE SAYBR, B.A., 

Ah»i»lant to the Agrietdlural Adviser to the Government of India. 


I. Introduction. 

This article is written with a view to giving a concise state¬ 
ment of the progress up to date of the work in India on sugar and 
the machinery connected with it so as to enable the ordinary reader 
to take in a short time a’general view of the progress in every branch 
of the industry and to see the particular points on which attention 
is to be concentrated in the futiue, without tire trouble and labour 
entailed in wading through the voluminous literatiurc on the subject 
a great part of which is either out of the reach of the ordinary reader 
or so technical as to baffle his search for a precis of facts. To 
any one desirous of obtaining further information on this subject, 
the writer would recommend to consult the publications of the Im¬ 
perial Department of Agriculture in India and the other works too 
numerous to mention on the subject by different authors in India. 

The steady increase which the importation figures for cheap 
white sugar in this country show is a matter for grave considera¬ 
tion, and the question of how best to strengthen the position of the 
Indian Sugar Industry so as to enable it to compete successfully 
with its principal rivals, Java and Mauritius, has been actively 
engaging the attention of Government during the last five years. 

India is the largest producer of sugar (crude cane sugar, mostly 
in the form of gur) in the world. The annual production in round 
numbers amounts to 3 million tons, cane sugar and gur about 
2,600,000 tons," palm sugar close on half a miUion tons. But the 
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annual consumption is over 3| million tons which leaves a deficit 
of over I million tons which is met by importation of white sugar 
from Java and other sugar-producing countries. Our imports of this 
commodity amounted in 1913-14 to over 800,000 tons. 

While it is true that some part of these imported foreign sugars 
is utilized for mixing with gur to give it the appearance of countty- 
made sugar so as to command the higher price which sopie people are 
willing to pay, and the sweetmeat makers take an increasing quan¬ 
tity of white sugar as the pure white colour suits their trade, yet 
there is no doubt that in consequence of the changes in taste result¬ 
ing from the educational and economic development of India an 
increasing amount of refined sugar is being consumed in this 
country. 

But while tlic market for refined sugar is expanding yearly, 
this by no means indicates that the demand for unrefined sugar 
or gut is decreasing. The general rise in wages and the increased 
value of agricultural produce have enabled a largo nmnber of 
cultivators and rJie labouring population to increase their demand 
for this commodity, and as things stand at present it looks as though 
the dem^lnd irom this quarter will steadily increase. At any rate, 
as this form of raw sugar is both nourishing and cheap and enters 
into many Indian food preparations, it is safe to assume that for 
some considerable time to come the market for good gur will remain 
steady. 

It is .sometimes asked: can India, besides satisfying her 
demand for raw sugar, produce the 800,000 tons of white sugar 
imported from abroad ? The official forecast of the ciuTent year’s 
area sown with cane is about 2| million acres so that if India is to 
be made self-supporting the cultivation of this crop would have 
to be enlarged by about 25 per cent, on the existing cultivation, or 
manufacturing yields should be increased so as to produce the 
required quantity of both raw and white sugar*. It will at once strike 
any one who has studied the conditions under which sugarcane is 
grown and jaggery manufactured in this country that the margin for 
improvement is so enormous that it is not necessary to take the 
land from other food crops to increase the total outturn. •, 



44 


AGBICULTITRAL JOURNAL OF INDIA 


[XI. I. 


In India with ;ts 2} million acres imder cane there is room 
for both ffur and sugar. But the Josses in extraction and manu¬ 
facture should be brought down to a minimum. To give an 
instance of the waste taking place at present it is calculated that 
the amount of sugar burnt in the megass as fuel and the loss of 
sugar from direct heating over the fire is nearly equal to India’s 
imports. This is one of the consequences of the cultivator assum¬ 
ing the role of a manufacturer which, it may safely be said, he has 
not taken up as a matter of choice or from natural aptitude. If the 
maximum quantity of Avhite sugar is to be obtained factories run on 
up-to-date methods should be nndtiplied in tracts where cane cultiva¬ 
tion is concentrated. These factories shoidd put up powerful machin¬ 
ery for crushing cane so as to obtain the largest possible extraction, 
and evaporation should take place in vacuo and not in open pans. 

It will thus be seen that while in all other sugar-producing 
countries attention is concentrated on the realization of the greatest 
amount of sucrose (white crystallizable sugar), in India we 
manufacture two sorts of product, viz., ])urc refined sugar and 
jaggery or ffur, wliich latter is a mixture of crystallizable and un- 
crystallizable sugar. The (/nr which is most prized for (jonsumjrtion 
generally has a light colour and good flavour. But it does not 
necessarily have a high standard of sucrose. There is a great 
variation in prices of jaggery throughout India wliich is to some 
extent due to differences in quality and appearance and also to 
local tastes and prejudices. 

It may be noted that a good quality f/ur manufactured for 
direct eating is not quite suitable for refining. The good quality 
ffur as mentioned above does not necessarily have a high sucrose 
content which is the vim' qm non in the gur intended for refining. 
Further, in order to produce light coloured gur suitable for eating 
it is necessary that lime should be very sparingly used, while for 
the gur which is ultimately to be refined larger quantities of lime 
are required to produce a stable chemi(;al composition. Juice of 
good colour and a moderate cocfticicnt of purity is the best for good 
eating gur, whereas it should be of high purity for the manufacture 
of-jaggery for refining. Soft and well crystallized gur is well suited 
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for refining. Extremely hard and biirnt gur ,neyex goes through 
the refining process at all. While the production of sugar direct 
from the cane is to be encouraged, as it is more expensive first to 
make jaggery and then to refine it than it is to extract sugar direct 
from the juice, still it may not be out of place to mention that as 
jaggery can be refined with the loss of about 26 per cent, raw material 
in the process and as the crushing .season lasts for about 4 months 
only and some factories use jaggery for the remaining part of the year 
to keep them going, any large increase in the manufacture of gur 
coupled with a fall in its price will enable the refineries to work at a 
profit and so increase India’s production of sugar. 

At present the refining industry is limited as the losses incurred 
in the refining of raw sugar are serious. Firstly, the quality of the 
raw sugar usually ofiered by cultivators for sale is so poor that 
it yields a low percentage of sugar when refined. Secondly, if the 
refinery is to be kept working throughout the year the raw material 
has to be stored with the resulting deterioration so that it not unfre- 
qucjitly happens that when refining nearly 50 pe^ cent, comes out 
as molasses. This leaves very little margin of profit unless money 
is made out of molasses. It is said that in Java a large quantity 
of the molasses is allowed to run to waste, but the methods 
adopted in a country so favourably situated for sugar production 
cannot be recommended for use in one where a profit must be 
made out of everything if the industry is to get a firm hold. If 
the inverted sugar is utilized in the manufacture of spirits or 
denature<l alcohol for industrial purposes, or if molasses is mixed 
with the megass and sold as cattle food or mixed with the meal 
from the oil-seeds and crushed and compressed into cakes or 
cakettes it w'ill materially assist in the expansion of the industry 
in this country. 

The increasing imports of foreign sugar have threatened with 
extinction that part of the indigenous sugar iudnstr}'^ wliich makes 
white sugar from rab, an industry of some importance in the United 
Provinces. • 

To give an idea of the amount of waste occurring in the Khan- 
dasari system it may be mentioned that by this process about 3’’33 
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'maunds of sugar arfe obtained from 100 maunds of cane. By 
following up-to-date methods the Pilibhit factory obtains 7j 
maunds of sugar from 100 maunds of cane.’ As it is not economical 
to make rab first and then to refine it, it would be much 
better if a number of cultivators in co-operation with the Khandsaris 
could purchase a steam power-mill and put up small factories at 
suitable centres. Mr. Hulme, Government Sugar Engineer Expert, 
has suggested that if funds allow a triple mill (nine rollers with 
crushera) extracting 90 per cent, would give the best results ; failing 
that, a six roller mill with an extraction of 80 per cent, 
may be installed. Its minimum crushing capacity should be 270 
maunds per day, i.e., about 80 acres in 100 days.* These 
factories will not be able to make sugar to compete with 
foreign sugar but they could supply such sugar as is now made by 
country methods for consumption by orthodox Indians and for 
which higher prices are paid than for factory-made sugar. 

It is true that the larger the factory the better it pays. 
But that small-sized modern factories crushing about 100 tons 
of cane a day can be made to pay is evident from the success¬ 
ful working of the factory at Pilibhit which has been remodelled under 
Mr. Hulme’s supervision. It is also suggested by Mr. Hulme 
that if a seed-crushing and oil-extracting plant were combined with 
the smaller sized factories so as to utilize some of the machinery and 
the skilled staff during the off season, small modern factories 
crushing about 1,500 of maunds of cane per day would also have 
a better chance of success. The seeds are locally available and 
a market both for oil and cakes can be developed. 

II. Sugarcane Cultivation in India and its 
Improvement. 

We may now proceed to a consideration of the defects in the 
present methods of sugarcane cultivation. The first point that 
will claim notic.e is the extremely low 3 deld of cane per acre. 
In Java the average yield is 42 tons of cane per acre capable 

I Hailey, H. B, 0„^rThe Sugar InduBtry in tbe United ProTinceB.’* JftfMrt of the }llinth 
Indian Industrial Conferenoe^ 1918. 

AprifiuUural Journal of In Vol. X, p. 59, 
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of yielding tons of white sugar while in individual cases 
.yields as high as 60 tons of cane are obtained. The Director 
of the Experiment Station at Pekalongan confidently looks forward 
to an average production of as much as 7 tons of sugar per acre 
in the future. In a favourable year one mill has actually reached 
that figure for one month’s working. In Northern India 8-12 tons 
of thin cane and 14 tons of thick cane may be taken as an average 
j’ield per acre. ITie average yield is better in Southern India, being 
26 tons of cane an acre with an average outturn of 2|- tons of unre¬ 
fined sugar. 

Parts of Madras, Bombay and Mysore are well suited for sugar¬ 
cane growing, being well within the tropics witli the temperature 
uniformly liigh throughout the year. The rainfall is however of 
such a nature that irrigation is needed to supplement it. 

Thick canes predominate in these parts and yields are large. 
Great care is often taken in cultivation and the crop is heavily 
manured with oil-cake and good profits are obtained. To cite an 
instance. In the arc i under canals in the Boiqbay Presidency 
the net juofits obtained from the cultivation of tlie soft yellow 
g: cen variety jmmlia wliich requires plenty' of manure and copious 
irrigation are from lis. 100 to Rs. 200 or more per acre. 35 to 
40 tons of striped cane per acre giving from 8,000 to 10,000 lb. 
of gw being obtained in 11 to 12 months after planting. Yields of 
40 tons of cane and 12,000 lb. of gur are not uncommon. Its analysis 
as given in Bulletin No. 61 of the Dejxjrttnetd of Agriculture 


Bombay, is: 

Sucrose in 100 lb. cane .. .. .. 1.6*310 

Reducing sugar in 100 lb. canc .. * .. 0-672 

Eibre in 100 lb. cane .. .. .. 10-407 

Moisture in 100 lb. cane .. .. . • 72*521 

Ash and nitrogenous matter in 100 lb. cane .. 1*090 


But though the quality is so good the crop is relatively un¬ 
important in Peninsular India. The areh under it is small and is 
limited by the amount of water available and the quantity of paddy 
grown and there are no indications pointing to any very large 





48 AGRICPLTirRAL JOURNAL Of WDIA [XI,' I.’ 

increase in cano oultivation in those parts except where new 
irrigation facilities have been provided. The case is different 
in Northern India where the United Provinces, Punjab, Bihar, 
Bengal and Assam claim nearly 90 per cent, of the acreage under this 
crop. As this region is outside the tropics the amount of warmth and 
especially the length of the growing period are insufficient. While 
the field canes in Southern India are often comparable with those 
of tropical islands in thickness and vigour, those of North India 
are much thinner, more fibrous and much less productive of sugar. 
The cultivation of sugarcane in the south is intensive and costly; 
the crop in the Gangetic plain has very little attention paid to 
it. 

The question now arises whether success may not be obtained 
most rapidly and economically by replacing the inferior canes in 
North India with better kinds. Dr. Barber has touched upon this 
point in his article on “ Some Difficulties in the Improvement of 
Indian Sugarcanes.”* There are four ways in which the improvement 
of local canes may be attempted. One is by the introduction of 
exotic canes which have proved of value elsewhere. This method 
has proved successful in Madras, where the striped Mauritius and 
Barbados seedling cane No. 208 introduced in the Vizagapatam 
district have come into gi-eat favour with tlie cultivators. The 
introduction of the red Mauritius cajre through the Samalkota 
Agricultural Station has revived sugarcane cultivation in the 
Godavari District. The same variety has also supplanted the 
local striped cane in parts of South Arcot. 

In the United Provinces a Java variety known as J. 33 is being 
grown by Mr. Clarke on the Government Sugarcane Farm at Shah- 
jahanpur and gives promise of becoming a very suitable cane for 
those parts if not for other regions in North India. It has also 
been found that selected varieties of thick canes can bo grown 
in these Provinces if proper cultivation and irrigation are given. 
These canes are much cheaper and easier to work from the 
manufacturing point of view and have a higher sucrose content 
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and give a heavier crop than the desi. As an instance a Mauritius 
variety. Ashy Mauritius, may be quoted. This*variety was selected 
* from a number of imported varieties and has been gijown for some 
years under the best and most intensive cultivation possible. In 
1912 it yielded under these conditions 30 tons of cane and 101 
maunds of gur jier acre and contained 13‘05 per ceni.. sucrose 
in the canes while the local ukh varieties were only giving 30—40 
maunds of gur per acre. 

At Jorhat in Assam three Barbados varieties B. 147, B. 208, 
B. 376 and striped Mauritius have shown their superiority as 
producers of high purity juices and these are being planted on the 
special Sugarcane ExpcriTuent Station in North Kainrup. 

But this method has limitations wdiich are mostly due to the 
inability of these introduced canes to stand adverse conditions of 
local agriculture. 

The second method is the transfer of canes from one part 
of the country to another. This has been tried and met with 
limited success m;ii:.ly because the introduced canes cannot hold their 
own against the best local kinds which are themstilves the outcome 
of centiiries of selection by the cultivators. The improvement of 
local cancs by selection and the observation of sports and the pro¬ 
duction of seedlings are the most promising lines and arc receiving 
.special attention at the hands of Dr. C. A. Barber, Government 
Sugarcane Expert, who has raised over 40,000 seedlings during 
the past two years at the Government Farm, Coimbatore. It is 
hoped that in course of time a few all-round useful canes will be 
available for supply to Agricultural Stations in the North for a 
renewed series of tests there before they are given out to cultivators. 

Certain practical conclusions arrived at by the Agricultural 
Departments may now bo briefly stated. It has been provotl that 
sets from plant cane arc superior to those from ratoon cane and 
that the use of terminal sets for planting will produce more 
vigorous growth of cane than sets of any other part of the stalk. 
In Java some fresh tops are brought tq the plantation every year. 
More attention should, therefore, be paid to the choice of sets for 
planting. The number of sets planted per, acre can also bf 

4 
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reduced with advaytuge m ccrtaiu parte. Again the quantity of 
water used for irrigation is excessive in some parts. Manuring 
should be on a more liberal scale, and calculated to supply as 
much nitrogen as is absolutely requued. In the Deccan canal- 
irrigated tracts the tendency is to apply more nitrogen than is 
required. 

The line of improvement in Northern India seems to be better 
cultivation, especially in the direction of ridging and drainage, liberal 
use of manures, including oil cakes, gi een manuring and introduction 
into suitable localities of better varieties which not only give 
higher yields but are also more resistant to disease. 

III. ExteaCT iON of the Juice anu its conveesion 

INTO gur. 

We may now turn to a consideration of tt' extraction of the 
juice. The old wooden and st one mills for crushing cane have by this 
tinie almost everywhere been supplanted by iron mills with the result 
that the percentage of extraction has risen. But even now there 
is much scope for improved milling. At present much of the juice 
passes away in the megass because these rollers have a tendency 
to assume a slightly concave form after they have been in use for 
any length of time and tliis leads to a deterioration in milling effi¬ 
ciency. The metal of which these mills are made is soft. It would 
be interesting if, as sugge.sted by Mr. Shakespear of the Cawnpore 
Sugar Works, a trial were made with case-hardened steel rollers, if 
this has not already been done, with a view to test whether uniform 
milling efficiency is thereby obtained. These mills are more costly, 
but if they are found successful in extracting more juice it will not 
be difficult to arrange for their gradually replacing the present mills. 

Mr. Clarke, the Agricultural Chemist to the Government of the 
United Provinces, carried out interesting experiments at the Partab- . 
garb and Shahjahanpur Experiment Stations, with regard to the 
efficiency of small iron mills at present in use in India. The results 
have been published in Pv^a Ptdletin No. 42. These show that a very 
high extraction ganbe secured if the best type of 3-roller bullock mill 
is working properly. For single dry crusliing it is doubtful if it could 
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be exceeded by any type of mill. But to secuj'e t his the strain on 
the bullocks is great and the rate of ('.rushing slow. The cultivator 
with his light and underfed bullocks slacks off th^ mill and the 
result is inefficiency in extraction. 

It is generally the case that when planting cane a ryot is guided 
by the amount of bullock power he has at his command for crushing 
it. The case for power crushing is therefore strong as it not only 
eliminates the losses occurring in juice e.xtraction by bullock mills, 
does the work more quickly and at a much eluaper rate and gives 
relief to the overworked bullocks at a time when other agricultural 
operations require their services, but will also enable the cultivator 
to put down the maximum amount of laud under sugarcane and 
will lead to a conconli'ation of the cultivation in the near future. 

In modern factories we have multiple Roller Mills weighing 
some 700 tons for ci'nshing cane, whilst in comparison with these the 
bullock mills of India are such that a strong man can lift them. 
As mentioncul by Mr. Ilulmc th(*,sc multiple Roller Mills extract 
some .SO per ( cut. ■ :i>re juice from the cane and trom^tliis it is obvious 
that any scheme to improve the indigenous methods of the ])roduc- 
tioii of jaggery mii.-.l mclu(l(‘ ])ower-driveu mills, for there are few 
industries in any ]iart of the world which wall stand a deliberate 
30 pin-cent, loss of material which has to be charged to one stage of 
the operations—('rushing, and with an industry in a by no means 
consolidated })osition likc that of sugar in India, such a waste at 
one stage seriou-sly imperils the whole uinlcii^iking from a 
financial point of view. 

In parts where sugarcane is not sold direct to sugar factoi'ies 
it would seem that the best road to an improvement in the extrac¬ 
tion of juice and jaggery manufacture lies in the fostering of the 
co-operative principle so that the crushing of the cane can be con¬ 
centrated and scope may be found foi the working of small power 
plants with more efficient evaporating appliances. 

Evaporating plant for dealing with large quantities of juice 
m the making of gur is at the present moment in a state of evolu 
tion. The old Fryer’s concretor is considered very satisfactory in 
its lesiilts as far as quick evaporation is concerned, but it is doubtful* 
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if it coiild effect a qpmplete defecation and evaporation of the juice 
witliout fuel beyond that supplied by the cane. It is understood 
that there is new apparatus on the market wluch has been installed 
with satisfactory results in Fomiosa for making Chinese sugar 
which coiTesponds to a certain extent wii/h )ur Indian gur} 

The manufacture of gur as carried out by cultivators suffers among 
otlier things from the overheating of the jirce causing caraineliza- 
tion and inversion caused by acidity of the juice. It may, however, 
be mentioned that some improvements in tlic boiling pan and 
furnace have been made in India. As ihe result of his experi¬ 
mental work Mr. Chatterton has evolved a system of manufacturing 
jaggery in small power-driven mills the use of which will enable 
th(? sugarcane growers to obtain 30 per cent, more from their 
cultivation than they have hitherlo done. Mr. Cl\atterl.on lias 
desci’ibed in some detail Ids latest type of jaggery furnace in which 
there are four sets of tlu'ee pans in tiers. Each tier of pans is 
heated by on<> furnace to which no firewood l.mt only dih'd inegass 
is fed. An abstract of the work of such a furnace with average 
cane is as follows :— 

The lower pan in which the jaggery is finally formed can be 
emptied every hours. An average output of 0,250 lb. of jaggery 
per day of 24 hours can be turned out. The engine is 12 H.P. 'Phe 
mill has 12" x 18" rollers and can crush 1 to 1^ tons of cane ]>er 
hour. Much, however, depends on the skill of the men feeding 
canes into the mill. The actual cost of making jaggery by this plant 
according to Mr. Chatterton is annas 2 per 25 lb., while according 
to ordinary methods it would cost not less than 4 annas for t he same 
quantity. The minimum quantity of cane which such a plant must 
crush in a season to jiay for raamifacturo, depreidation, and interest 
is about 1,500 tons. It would therefore seem that about 150 acres 
within reach are required in Northern India to make its use profit¬ 
able. About 76 acres will do in Southern India as the yield there 
per acre is comparatively heavier. If the power-driven null be 
worked by a number of cultivators on a co-operative basis it would 

A Neileon^ \V. “ Note on Indian Sugar Industry Pivceedinys of ihe Hoard of AgHcnU 
ture in India, 1911, p, 83, 
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pay them to instal a smaller size mill for so si^U an area as 40 
acres in Southern India. 

A few power mills are now in use in some parts for gur making. 
In 1912 a trial central jaggery manufacturing station was installed 
by the Director ol Industries, Madras, at Singanallur in which 
greaier rapidity of milling and the complete saving of firewood are 
attained. In Mysore there are at present ten sugarcane crushing 
plants driven by gas or oil engines and it is anticipated that 
about ten more will be started during the lU'xt few months. At 
least ten power (^ane crushers are at work in the Bombay Presi¬ 
dency and the use of improved furnaces and more economical 
crushing mills is being successfully demonstrated by the Local 
Department of Agricultuie. Tlie cliargcs on these power plants 
can be very largely reduced if somctlting were done witli t he engine 
in the off season such as attaching rice hulling or oil-pressing 
machinery tf> these plants. 

As regards the prolongation of the crushing season by arrang¬ 
ing varieties of c.s;,e at different timc» of planting, etc., it appears 
that Dr. Barber bad tried it at tSarnalkota wathout success and 
Mr. Neilsoii, the Manager of tlic South Indian Sugar and Distilleries 
(’o., had done the same in South Arcot. The cane did not grow 
properly and the most they could do was to get a four mouths 
crushing season.' In Mysore it appears that the crushing season is 
longer. In Bihar Mr. Taylor has found that while the canes known 
as Khari and SJtakareJiynia ripen very early and^ give good sweet 
juice even as early as December, dwarf canes such as Mango, Ilemja. 
and Rheora ripen more than a month later when grown under the 

same conditions of cultivation. Tliese dwarf canes in fact were 

* 

found not to ripen till the middle of February and showed their 
maximum sugar content early in March. It would therefore seem 
that the judicious selection of varieties will help to prolong the 
period of working of a Central Factory in Bihar. 

Cane in the Central Provinces is ordinarily planted from 
January tiU the end of March. But the residts of experiments {vide 
Messrs. Clouston and McGlashan’s article in the Agricultural Journal 

* Proc«ediu|>d ol the AgncuUural aud Trade Conference, Madras, December 1914, (>• 164, *• 
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of Lndia, July 1915), have shown that cane planted in October 
gives a much larger yield than that planted in February and March 
as practised locally. When planted in October it gets a good start 
before the hot weather sets in ajid being 4'— 5' high in February 
escapes the damage arising from stem-borers and red rot dimug 
the months of February and June. This indicates that there is 
scope in the Central Provinces for the extension of the planting 
season. A factory situated in a favourable locality in these parts 
woidd thus be able to prolong its working season. 

IV. Central Factory System. 

There are two systems under which sugar is grown and made, 
one the “ plantation ” system of the West Indies, the other the 
“ Central Factory ” system which is a more recent one introduced 
in various coiintries. In the Plantation system, the land, the 
agricultural labour, the factory and the inanufactmiiig capital, 
are all under one control. In the Central Factory system, with its 
various modifications, several independent peojde are bound to 
assist one another by legal contracts. As showui in Agricultural 
Ledger No. 12 of 1903 by Messrs. Burkill and Weinberg, there are 
four types of Central Factories in the sugar-prodiicdiig countries: 
(1) co-operative central lact.ories, cane-piirchasing central fac¬ 
tories, (2) without land and (3) with land, and (4) laud-hiring central 
factories. In co-operative central factories, the shareholders arc 
cultivators of cane who by joint sul)scri])tion put up a factory which 
is in the charge of an expert manager, (iontrolled by the Board of 
Directors, elected by the cultivators. It will be seen that the 
system of co-operative central fac^tories in which the outside 
capitalist is eliminated i'e<|uir('s capital and a developed sense of inutual 
trustfulness on the part of those w'ho combine to w'ork it. and 
can oidy be adopted where those co-operating are engaged in cane 
business only and liavetheii’ own estates on which they can raise 
if necessary the capital required. 

In soitjc of the West India Islands another form of co-operation 
is also practised. Briefly the arrangement is this.* 

1 Noto <‘ii IiwliairtJuRRr afid Modem TilethodH of Ho^ar Manufacturo. linflvit 

LS’o. of the Agri»t‘Bombayt ‘ - . - • - 
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“ The capital required for equipping the.factory is raised by 
debentures bearing 6 per cent, interest. All the debentures are 
to be amortised in 15 years. Every debenture holder receives a 
certain number of ordinary shares as fully paid up. The cano 
growers enter into contract with the factoiy for keeping a ('.ertain 
area under cane. The factory pays a definite price for the cane. 
After paying the manufactiuring expenses, the interest on. debentures 
and addition to the sinking fund the net profits are equally divided 
between the cane growers and the shareholders. 

“ The principal idea of both these arrangoiuents is that a full 
price is paid to the cane planters for the supply of (utne. The capital¬ 
ists supply money for the factory and work the fsictory in trust. 
When in 15 years the capital investment is paid off the capitalists 
and the planters become equal participators iii the assets and lia¬ 
bilities of the company as well as the profits. The planters lose 
nothing. They get full })rice for their cane and as an advantage 
of co-operation they get half the assets in the company and share 
half of the profits While on the other liand the capitalists get 
back all the money invested and for the risk they had inemrod 
in investing the money they get half the assets of the company 
and shaie half the profits; so that both get full advantage of the 
co-operation aJid lose nothing.” 

Tn tlie case of purchasing factories they may either be factories 
buying the cane from cultivators or hiring the right to grow it as 
they desire on t.he land of others. The cane-buyjng factories exist 
in many parts of the world, including India. Tlie land-hiring 
central factory system is the system of Java. Experience has 
shown that cane-purchasing factories haying no laud gradually 
develop into those owning or hiring land, to enable them to 
make certain of a supply of cane and also to get the best variety 
at the most suitable time. 

This method is more businesslike than the former, for the 
following reasons:— 

1. The land is under factory control and run for the factory, 
whereas the ryot grows only as much sugarcane .on his land as he 
can spare after making provision for bis other requirements, v 



56 


AOBlCCI-TtrBAI. JOrBNAI- OB INDIA 


[XI, 1. 


2. All cultivation is done under supervision of experienced men, 
done at the right time and in the right wav. The ryot may, on the 
contrary, be'a good or a bad farmer and his crop results vary 
accordingly, with the result that the factory has to take over a mixed 
lot of cane. 

3. The dates of the crops arc fixed months ahead, and the 
factory inconsequence can work for periods planned beforehand 
to be at once economical and convenient. 

It takes little acumen to realize that a factory following this 
method can outdo another having no guarantee for the sufficient 
supply of cane at fair rates and it becomes a problem how to keep the 
factory paying and the ryot in that state of freedom and indepen¬ 
dence which is the sim qua non of a flourishing agricultural population. 
In Java and Formosa where the sugar industry pays best, practically 
speaking, facilities are given to sugar mills at the expense of the 
cultivators. 

We may now turn to a consideration of the question where 
central sugar faftories of the modern type can be established in 
this country. The tracts where the cultivation of sugarcane is 
concentrated are parts of the United Provinces and Bihar. Tlie 
area under sugarcane is rising in the United Provinces and as the 
increasing imports of foreign sugar have led to the abandonment 
of a large number of small indigenous factories wdrich formerly made 
sugar from ra6, more of the cane crop is available for coiiA'ersion 
either into gur or the manufacture of sugar direct. Here the 
cultivators are not unaccustomed to selling their cane and it will 
not be a difficult matter to get sufficient supplies of cane, provided 
the factory pays the cultivator as good a yjrice for the cane as he gets 
at present from the conversion of his cane into <jur. TJie cultivators 
are accustomed to taking advances, but this the hictory can afford 
to give as it materially strengthens its own position and control 
thereby. The quality of cane is somewhat poor, but considering 
the rate at which cane can be purchased in these parts it has been 
found that a central factory can work with profit. The geographical 
situation of the United Provinces which are far removed from the 
Sea is also an advantage as the heavy transport charges on the 
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imported foreign sugar act as a sort of protection to the indigenous 
product. If some sort of mechanical transport were adopted it 
would considerably reduce the transport charges and also enable the 
cane to reach the factory in good condition. At present, cultivators 
bring their cane to the factory in bullock carts—a slow :uid costly 
method of transport—very inconvenient for the factory to handle. 

The Gorakhpur Divieioii in the south-east of ‘the United 
Provinces supplies the cheapest form of (/ttr and oxjiorts 
about 10 lakhs of niaunds of this commodity. About 
one-third of tliis finds its way to the Cawnpore refineiics. The 
price is invariably low, rarely exceeding Us. 3 and falling 
as low as Us. 2-12-0 or Rs. 2-8-0. In 1912, pi ices fell to such 
a point that it di<l not pay to manufacture the caue. into gur 
and some of the ci’op was, according to Sir. Hailey, fed to 
cattle. A central fiietory in these jiarts would, in the. opinion of 
Mr. Hailey,* “probably be a boon to the cultivators in providing a 
steady market for their cane and a more profitable means for its 
disposal thilli by (‘(.lucrting it into gi>r. If there, i.s a profit to the 
refiner \vn<> hits to ) ninsport his raw material long distances by rail 
iind employ expimsive fuel in relining, there should primit fade be 
openings for proiierly eipiippsd cane-crushing factories on the spot. 
.4s the surplus of gar and country-made sugar available for export, 
after siitisfving local consumptioii from this triide block iimounted 
to some. 17 lakhs of maunds, there should be no lack of c;ine.” 

The same author has, however, pointed out. that in the Upp? 
Doab and in Bijnor and Bara Banki districis a Central Factory 
would have little chance of success owing to a well-established and 
profitable export trade in gur and the prohijritive price of cane. 

At Bubnoiilie in tlio United Picvinccs a Central Faetory has 
been set up with a capacity of from 400 to tiOO tons. In Bihar 8 
Central Factories have in recent years been erected. The cj-ection 
of two or more factories is in contemplation. The production of 
sugar in Bihar is paying and an extension of the industry i.s likely as 
the conditions here are favoui'able for the Central Factory system. 

PnccB of Qur uud Oaue lu the. UutUxi Provinces*’’ Agricultural Journal of India^ 
Vol. IX, p, 226. * 
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In the Eamrup.and Goalpara districts of Assam there are tracts 
of waste land approaching 50,000 acres which are supposed to 
be suitable for sugarcane growing on a large scale. Here the 
question is not one of finding water f(u irrigation which if required 
could be arranged either from fciie numerous streams or 
from wells, but one of drainage which requires careful 
attention before any good results can be hoped for. In 
North Kamrup an area of about 1,000 acres has been taken 
up by the Agricultural Department for the initiation of an 
experiment in sugarcane cultivation by means of steam tackle, 
the object in view being to ascertain at what cost per maund cane 
can be produced. It is estimated that if cane can be produced 
at annas 6 or less per maund of 82 lb. the manufacture of white 
sugar by a large factory will yield a handsome profit. In the 
event of the experiment proving successful it is intended to hand 
over the concern to capitalists who will iiuuease the area under 
cane and build a sugar factory on the spot. Funds have been 
provided for carrying on the experiment for three years but if 
sufficient proof of success is obteined earlier the concern will be 
disposed of. 

In the Mon Canals area in Burma a Rangoon firm has under¬ 
taken to conduct an experiment in sugarcane cultivation under the 
supervision of an expert from Java with a view to discoyering the 
suitability of the tract for sugarcane cultivation on a large scale and 
the erection of a factory equipped on the most modern lines. The 
Local Government have agreed to meet half the cost of the experi¬ 
ment up to a maximuu) of Rs. 10,000. 

In the Central Provinces a lease of about 4,600 acres of Govern¬ 
ment waste land, untrammelled by any rights of tenants, has been 
given to Mr. McGlashan of Gawnpore, with a view to the formation 
of a company. Extension of sugarcane cultivation is possible in 
parts of these provinces where facilities for iriigation can be 
provided. 

Otfe of the reasons why the manufactuic of white sugar in 
^ - India is not making any substantial headway is that a factory in 
ler to be successful must be large enough, and this entails a 
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large initial outlay. It also requires a l%rge expert staff to 
work it. 

In Egypt only factories with a capital of jw muck as £200,000 
have survived and even they have found it necessary to own and 
control 20 per cent, of the necessary cane-gi owing area to steady the 
market, the sniall factories working on the system of control by 
advances having failed. ' . 

In India sugarcane cultivation is scattered and the quantity 
grown every year is subject to variation. Big sugarcane estates 
are practically absent except in some parts like Bihai', and the 
formation of new estates in the midst of areas aboady under 
specialised and highly paying crops is practically out of Ihe 
question. Modern sugar factories here have therefore to deal 
with numerous small holders and are thus dependent upon a 
large number of cultivators ignorant of the business methods 
which a factory has to adopt. Success will <l<q)end upon the 
extent to which good-will and (io-operation of these cultivators 
is secured by the nianager of the factory. In .lava and the British 
West Iii.lies every factory either owns or has managing control 
over 4,000—5,0(t0 acres of sugar plantation and can thus ensure the 
st*!ady supply of raw matciial. In other sugar-producing countries 
whore this is not possible and cane has to be purchased from in¬ 
dividual })lanters the holdings are fairly large and the farmers 
are usually educated businessmen who understand how to deal 
with the fac.tory in a business-like way. Even where cane has *^o 
be purchased from small holders it is only a smaU portion of the 
total cane supply. 

It must, however, bo said that the diHii)ulties mentioned above 
are not insuperalde in tlie United Provinces and Biliar, and that 
they have been over(;ome will bo seen from the successful working 
of the factories established there. It is true that where (iane culti¬ 
vation is not contiontrated but very much scattered all idea of sugar 
production must be given up. There and in Bombay, Central 
Provinces, Mysore and ])arts of Madras w'here the manufacture oigur 
pays better thau sugar the w’orking up ol th(< cane into raw sugar 
must continue, but even in this tliere is much room for improvemeuC. 
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The efficiency^ of large factories at work in India compares 
favourably with that of factories in other countries, but the raw 
material they have to work with is not of the same quality and it is 
much affected by annual weather disturbances. The indigenous xikh 
and gannn varieties, commonly grown, contain from 9 to 11 per cent, 
of sugar varjdng with the season. But tlie quality and amount of 
fibre is such that high extraction is not so easy as with varieties like 
Rose Bamboo and the thick Slauritius canes. The problem of 
producing white sugar wdll be much easier to solve if the outturn of 
sugar per unit area ivS increased by im])roving ami intensifying the 
cultivation and if better varieties are selected with reference both 
to their actual sucrose content and their workability in the factory. 
It is believed that such improvements are jiossible even though 
they may take time. 

Java has numerous advantage.s over India in the matter of 
cane cultivation, not the least of whicli is climatological. The 
scientific excellence of the Java sugar factories, their managers 
and their workmen, has long been well known. They fought through 
the difficult period of the sugar bounties competition triumpliantlv. 
The making of good dry white sugar diicct from the cane juice is 
no easy matter. “ Its manufacture, ” in the words of Dr. Gcerlifs. 
“ demands not only a good knowledge of general sugar manufacture, 
but also special skill on the pait of manager and workmen and above 
all a large capaiuty in all departments of the sugar bouse and a 
proper arrangement of the whole plant. The plant should be 
well designed and well constructed, and tbe staff and workmen 
should understand their work. Kven the best ])rocc.ss of white 
sugar manufacture will fail where the machinery is inailcquate or 
the men incapable.” In India, in the past, factories were opened 
which were in some oases not up-to-ilate and in some cases far 
from raihvays, in others far from sources of supply of raw material, 
and above all, they were not all under the. supervision and manage¬ 
ment of practical factory managers with the. requisite amount 
ofskiUand experience. Matters are, howevei*, improving, and there 
are factories now in Bihar whicli in their working will compare 
favourably with some of the best factories in the world. 
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V. Palm Sugar. 

As India’s production of palm gur and sugar is fclose on hall 
a million tons and as this industry is capable ol iinproveineut a 
brief notice of the same, is here necessary. In parts of Central 
India date trees grow wild but practically spealdng the juice 
is not converted into gur or sugar. The cultivation of date palin.« 
is an important industry in Bengal. Palm gw and its products are 
largely consumed in the districts in which the\ are made, bid in the 
Jessore district there are, many refineries. Most of the sugar i-efined 
in Jessore goes to Calcutta and is largely used for tlie preparation of 
native sweetmeats. Mr. H. E. .\iinctt has thoroughly investigated 
the condition of the date sugar industry in Bengal and published 
the results in the Memoirs, Dejxirtmcut of Agnettliure, India, 
Chemical Series, voh 11, no. 0. A few of his suggestions are here 
mentioned. 

At present only 240 trees per acre are usually grown, giving 
a yield of 2 ‘,i tor s of gar but by the regular planting of .SoO trees 
per acre an aveiage of 3 tons of giir , per acre, <!an be obtained. 
It has been found that the thiiOcest trees arc the largest yielders; 
hence the sowing of selected seed fi‘om such trees is w(ill worth 
experimenting. In the manufacture of gar also there is room for 
much improvement. The use of dirty earthen pans in which the 
juice is boiled is to a large extent responsible for the dark c.olour 
of the date gur . With iron pans jaggery of ve^y fine quality can 
be produced. The aid of the principle of co-operation among 
date growers is here indicated. The present method of refining 
by means of water weed is an excecdijigly slow process. If 
centrifugals were introduced the process would be much quicker 
and the turn-over much greater. The juice exuding from a freshly 
cut surface of the date tree contains only sucrose. Inversion 
takes place afterwards while it is standing in the pot overi.ight. 
Mr. Annett recommends washing the cut surface of the tree 
with formaline once a week and the addition of a small quantity of 
formaline to the pots daily. Treated in thi.s way a very appreci¬ 
able increase in yield of sugar per tree might be obtained. The 
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substitution of cheap metal pails for the earthen pots is also 
recommended. 

The present writer is inclined to think that if, as suggested 
by Mr. A. E. Jordan’ in 1906, small steam plants for converting 
the juice into sugar were put up in the centres of the date 
tree cultivation and arrangements made to collect the juice 
from numerous cultivators in a tank which was then immediately 
treated with formaline with a view to prevent inversion, the 
position of the industry would be improved.* 

In the ►Southern Districts of Madras and in Upper Burma the 
juice of the palmyi-a palm is converted into gur which is largely 
consumed locally. In other parts of India its juice is utilized 
mainly in the form of totldy, an intoxicating drink. If the value 
of this juice as a sugar jiroducer be brought home to the people 
in these parts more interest is likely to be taken in the extended 
cultivation of this palm resulting in an increased output of sugar 
in this countiy. 

In Madras besides the palmyra, the date-palm and the coconut 
are also tapped for the manufacture of sugar. But the onl}'- attempt 
to organize tapping and to manufacture sugar commercially direct 
from the juice is the factory at Kulasekharapatnam belonging to 
the East India Distilleries Co. 


VI. Conclusion. 

To conclude : It will be seen on a comparison of the figures of 
the last five years with those of the preceding quinquennium that 
substantial increase has taken place in the acreage under this crop 

I “Indian Sugar Development.’* Report of the Second Indian Jndvttfriaf Conference, 
pp. 227.28. 

Since this wuS put in tjpc the writer has come across the following in the recent report 
of the Bengal Department of Agriculture. 

Government has sanctioned the purchase of a small apparatus from America such as is 
used there for the production of maple sugar. The plant ordered should deal rapidly with the 
juioe of a large number of date trees. It is now on iti way and is to be tried* next cold 
weather in the Jessore District. Metal collecting buckets for the jnicc are also being 
imported. It 4»*al8o proposed to collect the juice from the pots in large gathering tanks. 
These will be transported from distant gardens In carts or boats to the sugar-making house. 
This should save much labour. 
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in Northern India. In Bihar and parts of the Ihuted Piovincos new 
factories on up-to-date lines are spiinging ii]) and making the busi- 
’ ness pay. The Government Sugar Engineer Expert, Mr. Hulme, is 
able to guide the owners of prospective factories in the selection 
and installation of the most efficient kind of machinery. It should 
not, however, be supposed that results can be obtained in a short 
time, but now that the problem is being attacked systematically 
from several aspects substantial improvement in the Indian 
Sugar Industry will result in course of time. It is likely that 
capitalists will see their way to erecting new factories in Bihar 
and eastern parts of the United Provinces as the supply of cane is 
reasonably assured at a price which, while remunerative to the 
cultivators, will also enable, the factories to work at a profit. As a 
matter of fact there arc factories in Bihar, which procure good 
cane by purchasing in advance from cultivators and obtain excel¬ 
lent results. The cultivators in the neighbourhood of such 
factories are saved the trouble of crushing their cane and convert¬ 
ing it into gur. I’lie strain on their bullocks is thereby lessened and 
they are enabled to attend to other agricultural operations. In these 
days of specialisation the cultivator should not undertake the role of 
manufacturer as he is sure to do it badly. The factory owner should 
try to have at least some few acres under his own plantation and 
then try to increase the outturn by better cultivation, more liberal 
use of manures, introduction of better varieties, etc. The culti¬ 
vators, when they see such results, will in course^ of time adopt the 
improvements and this will be to the material benefit of both. 

Nowadays competition is so keen and prices arc so cut that 
every possible aspect has to be considered, and in many cases it is 
only by the fortunate discovery of a by-product that an industry 
is enabled to carry on. Java has everyiihing in its favour and will 
certainly not lose the Indian market without a struggle, and it is 
therefore up to India to face the problem—either to run the industry 
as a business—^to make a profit irrespective of everything else, or 
to continue as now a state of things whidi cannot lead to success 
when put in the field against such powerful and well organized 
rivals. 
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Here in India we have an industry which badly needs more 
capital to enable it to expand and the fact that the Agricultural 
Department’s experiments and the assistance available from Gov¬ 
ernment sugar experts has made it possible to overcome many 
obstacles which formerly obstructed ju-ogress, should greatly assist 
in the bringing in of fresh capital which is essential to development. 



A NOTE ON THE DIAGNOSIS OF GLANDERS. 


BT 

A. W. SHILSTON, M. R. C. V. S., 

Aaintant Bacteriologist in charge of the office of Imperial Bacteriologist, 
MuJetesar Laboratories, 


In eqxiines that become infected by the Glanders 'organism, 
the development of external symptoms of the disease is usually 
slow, so that only in a small proportion of cases is diagnosis possible 
by clinical examinatioir alone. Since, however, affected animals, 
that are ap])areniiv healthy, are capable of sprea^ng the disease 
not only to other animals but also to human beings, the urgent 
iiccessity of detecting and eradicating such centres of infection is 
very evident. 

The discovery of MaUein by Helman and Kalniny in 1891, 
and its application by subcutaneous injection marked a great 
advance in the means available for the diagnosis of latent cases of 
the disease. 

The various forms of Mallcin are all prepared from cultures of 
the Glanders bacillus (li. Mallei) and contain substances which when 
introduced into the body of a glandered aniQral, provoke a general 
febrile reaction and symptoms of local inflammation at the seat of 
inoculation. In healthy animals Mallcin produces little or no 
reaction. 

The subcutaneous method of applying the Mallein test has 
been relied upon almost solely in Great Britain for the suppression of 
the disease and the results obtained duringthe past ten years are cer¬ 
tainly sufficiently convincing to warrant the confidence with which 
the test is regarded; the munber of outbreaks, as recorded in the 

( 65 ) 5 
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Board of Agriculture report for the year 1914, has fallen steadily 
from 1,529 in 1904 to 162 in 1913 and 97 in 1914. 

It had early to be admitted however that, in addition to 
certain recognised conditions under which the Mallein test is im- 
reliable, there were a small percentage of infected animals which 
failed partially or completely to respond to a subcutaneous injection 
of the agent. 

Accordingly, numerous investigatois sought to find other means 
of diagnosis to replace or supplement the subcutaneous test and 
several interesting and delicate methods were devised. Some of 
these depend on the demonstration of specific substances in the 
blood serum of infected animals, but since they are essentially 
laboratory tests, their description is outside the scope of the present 
article. 

The two methods to be described are modifications of the 
Mallein test which owe their characteristic features to the sensi¬ 
tiveness of the tissues surrounding the eye, and the inflammatory 
response produced in glanderod animals by the introduction of 
Mallein into these tissues ; they are known respectively as the 
" Ophthalmic ” or “ Conjunctival ” and “ Intra-dermal-palpebral ” 
reactions. 

The ophthalmic test was introduced in 1907 by Vallde and 
quickly gained favour on the Continent and in America as a reliable 
and easily applied diagnostic method for use by practitioners and 
State veterinarians. It is now the official test in the United States, 
Austria, Bavaria, Denmark and other countries where it has 
almost entirely superseded the subcutaneous Mallein test. In 
cases of doubtful reaction, the older test is sometimes employed, 
but the usual practice is to send serum from the suspected animal 
to the laboratory for testing by one or other of the more delicate 
serum methods of diagnosis. 

For the ophthalmic test specially prepared concentrated Mallein 
is required; this is supplied in the form of a dark brown viscid liquid 
or as a light brown powder (Mallein siccum) which must first be 
dissolved in a definite quantity of sterile water, supplied with the 
powder. Before applying the test both eyes must be examined tQ 




OPHTHALMIC TEST. 

PONY 105. 

Eye reaction 18 hours after application of MalK'in to con¬ 
junctiva : purulent discharge and partial closun* of eye. 



PONY 132. ' PONY 121, 


Twelve hours after injection of 0*2 c.c. of Mallein. 


18 hours after Injection of 0*2 c.c. Mallein into 
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ascertain that no inflammation already exists ;«if this is found, the 
test should not be carried out. Provided the eyes are nontial, two 
or three drops of the Mallein are introduced within the eyelids; 
this may be done ^vith the aid of an eye-droppor or, preferably, on 
a camel hair brush, the inner suiface of both the upper .^nd lower 
eyelids being gently smeared with the liquid. Only one eye is 
treated, the other serving as a control for comparison* of the re¬ 
action. 

Immediately after, the application there null be some lachry- 
raation and reddening of the conjunctiva, but these symptoms will 
disappear in an hour or two, and in a healthy animal nothing further 
will occur. 

In a glandcrcd animal, the oliaracteristif, reaction commences 
usually about tlie sixth hour and lasts from twenty-four to tliirty-six 
hours or longer.. It < onsists of a purulent discharge from the con- 
jiuxctival sac, which ctolleots at the inner cantlius of the eye in 
yellowish lumps and may run down over the face ; there is also 
reddening and some ;-.\velliug of the conjunctiva, with occasionally 
gluing of i/lie eyelids. To judge the result, the tested animal should 
be examined from twelve to twenty-four hours after the application 
of the test. The reaction varies in degree in different animals but 
only a purulent yellow discharge is to be considered positive of 
Glanders. When there is nothing more than a greyisli slimy dis¬ 
charge and slight inflammatory reaction, the case is doubtful and 
a second application may be made to the samo eye in 24 hour^, 
when a definite conclusion can usually be arrived at. If not, the 
subcutaneoxis test may be carried out or the ojjhtlialinic test repeated 
in two or three weeks. Care must bo exercised to ensure that the 
attendant does not wipe away any discharge that may occur. Only 
in a proportion of cases, usually those giving a marked eye reaction, 
is there any febrile disturbance so that in practice it is not necessary 
to record temperatures. The existence of sl^ht fever does not 
interfere with the application of the test. 

The ophthalmic test may be applied 24 hours after the sub¬ 
cutaneous test has been performed, but is more reliable if carried 
out before the latter: the subcutaneous test influences to some* 
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oxtoM « »ute«.,ucnf opWlialmic test and may seriously affect later 
seruiv tests, J)iit the ophtbultnio test has no effect on &ny other • 
diagnostic method that niaj be carried out afterwaixls; this is one 
of its chief advantages. The ophthabnic and subcutaneous tests 
may be carried out simultaneously but during the height of the 
fever reaction the conj iinctival symptoms may cease, usually, however, 
to appear again when the fever subsides. In cases where an ophthal¬ 
mic reaction is followed within two or three days by a subcutaneous 
test, it will frequently be observed that inflammatory symptoms 
again appear in the eye that was previously tested. 

A drawback to the omploxTnent of the ophthalmic test in India 
is the frequency with which animals show slight conjunctivitis, the 
result most probably of the entrance of dust; in such cases the sub¬ 
cutaneous or intra-dermal-palpobral test will have to be carried out. 

In mules the subcutaneous test appears to be less reliable than 
in horses, so that in addition to the simplicity of its application and 
the avoidance of the troublesome process of temperature taking, 
the ophthalmic test would seem to be particularly suitable for appli¬ 
cation to these hybrids ; where large numbers of cquines have to 
be tested rapidly, as at Remount Depots, the method could also 
replace the subcutaneous test with advantage. 

The intra-dermal-palpebral test is the latest form of Mallein 
application and was first suggested by an Italian veterinarian, 
Lanfranchi, in 1914. It has been employed very largely in France 
during the past yehr and reported on most favourably. Tlxe method 
is really a combination of the subcutaneous and ophthalmic tests 
and unites the advantages of both without, it is said, their disad¬ 
vantages. 

The ordinary Mallein, as used for subcutaneous mallination, 
is employed, but the dose given is only 2 minims or 0‘126 cc. instead 
of 1 cc. as in the older method. 

The dose being small, a 1 cc. syringe. Record or other reliable 
pattern, graduated to cc., is necessary and care should be 
taken not to inject more than 0*2 co. of the Mallein. The injection 
is made into the depth of the skin of the eyelid, usually the lower, 
though it appears to be immaterial if part of the dose is injected 
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into the loose connective tissue between the skin of the lid and the 
conjunctiva; for this purpose a fine short needle is required, such 
’ as is used by human surgeons or dentists; in this case few horses 
make much objection to the iiwertion of the needle. To avoid risk 
of piercing the lachrymal sac, it is well to direct the pomt of the 
needle backwards when injecting the lower lid. 

In animals free from Glanders, a slight swelling of the injected 
lid may persist for a few hours, but this will have disappeared by 
the twelfth hour. 

Glandered animals exhibit a characteristic reaction which com¬ 
mences about the ninth hour, reaches its maximum between the 
twenty-fourth and thirty-sixth hours, and may persist for three or 
four days. The injected eyelid becomes swollen and painful and 
the other eyelid may become similarly affected. The conjunctiva 
is inflamed and a muco-purulent discharge accumulates at the inner 
canthus of the eye ; the oedema of the eyelid ami sensitiveness to 
light causes partial or complete closure of the eye. 

The reaction .tiSf'nrbles that obtained by tlie^opJitlialmic test, 
but owing to the .swelling of the eyelirl is more j^roiiounced and 
ptirsists for a longer period. At the same time there is a thermic 
reaction similar to that following a subcutaneous injection of Mallein; 
this appears to be much more constant than in tlx* ophthaliuic test 
so that temperatures may with advantage be taken at the usual 
intervals. ^Vhen a doubtful reaction is obtained tlu; tost may be 
repeated on the other eye, forty-eight hours late['. 

The subcutaneous test 8hoid<l not precede or follow the intra- 
dermal-palpebral test by a shorter interval than three weeks, but 
the two tests may bo applied simultaneously without any inter¬ 
ference with the reactions of each. 

The experience in France is that this test is more reliable, than 
the subcutaneous te.st, requires a smaller quantity of iMallein and 
may be carried out without the labour of recording temperatures 
at short intervals; one examination twenty-four hours after the, 
injection is usually sufficient to arrive at* a definite conclusion. 

Moreover, in a country wlicre the high atmos 2 )heric tempera¬ 
tures and exposure to sunlight have a marked offec't on body 



70 


AGRIOULTCBAL JOUBHAL of INDIA 


{XI, I. 


temperatui’e, thermic reactions cannot be relied upon, so that an 
unmistakable local manifestation is of great advantage; the 
most striking and reliable is undoubtedly obtained by the intra- 
dermal-palpebral method, when accurately applied. 

Concentrated Mallein for the ophthalmic test, as well as the 
ordinary variety for the subcutaneous and intra-dernial-palpdbral, 
tests is supplied from the Imperial Bacteriological Laboratory, 
Muktesar, United Provinces. 



CLOVER AND CLOVER HAY. 


BY 

A. HOWARD. C.I.E., M.A., 
hnperial Economic Botanist^ 

AND 

GABRIELLE L. C. HOWARD, M.A., 
Second Imperial Economic BotaniaL 


I. Introduction. 

One of the v hief factors which limits producjtion, in the soils 
of the Qiietta valley, is the amount of organic matter. Imme¬ 
diately the proportion of this substance is increased, either by 
direct manuring or by the cultivation of crops lilie lucerne, growth 
becomes more vigorous and raj)id and the yield inateriaDy imiuovcs. 
In the case of nheat, ior example, the average yield of the umnamu'ed, 
irrigated crop is about thirteen maunds to the acre while consider¬ 
ably over twenty maunds are often obtained from similar land tha^ 
has been fertihzed. Heavy dressings arc applied to the fields near 
the main roads within a tluee-niile radius of the Cahtoimieuts, 
where the storage of stable manure is nqt permitted. Outside 
these areas, tliere is a marketl falhng off in production, and, where 
the land is only occasionally manured, the ivheat crops are poor. 

The physical effect of an increased supply of organic matter 
in the soil is two-fold. In the. first place, its porosity is improved 
and gaseous interchange between the atmosphere and the soil is 
accelerated. But for the organic matter, the fine particles of the silt¬ 
like soils of the valley would pack so closely after surface irrigation 
as to deprive the soil organisms and the roots of crops of a suflicient 
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supply of air.‘ In the second place, the tilth and water-retaining 
power of the land are improved. 

The need of a fresh source of organic matter in these soils is 
clear. The amount of manure is limited and is likely to remain 
so while the benefits of a lucerne crop are restricted by the fact 
that it remains in the ground for five or six years and is thus of 
limited value as a rotation. Some crop, preferably a leguminous 
annual, which can make use of the winter rains and which can 
be used as a green manure is therefore needed to improve the gene¬ 
ral agriculture of this tract. Four such crops have been tried at 
Quetta during tlie last three years—sulla {Hedysannn coromirium), 
bersoem {Trifoliutn alexatidrimncm), annual red clover {Trifolhtm 
pratense) and Persian clover or sJutftal {TrifoUum resupimitum). 
Sulla is an imi^ortant fodder crop of tlie Mediterranean region but 
does not withstand the cold of wintor at (Quetta. Bersccni grows 
fairly well, but does not yield a satisfactory weight of produce.' 
Annual led clover is perhaps more satisfactory than berseeni, but 
the growth is slow although the crop is not chocked by the liot 
weather of July. Shaftal proved much the most satisfactory of 
these plants as it will yield four crops in one year, three of which 
can be utilized for fodder and the last either for seed or as green- 
manure. The plants set seed freely during the month of June so 
that there is no difficulty with regard to a fresh supply for sowing. 
No pests have been observed on this crop when properly grown 
and when regularly cut. If, however, it is overwatered and if it 
is not cut in time, the leaves are often attacked by a rust fungus, but 
this does not reappear on the foliage of the new growth unless it 
becomes over-ripe. 

II. The CuLTivATioit op Persian Clover. 

Provided a few simple precautions arc taken in establishing 
the crop, the cultivation of shaftal presents no difficulties. The 
procedure follows, in the main, that which is usually adopted in the 
case of lucerne. 


I Seo ** Boil Yontilfitloo# V Bvlkiin AgriCMUurol Research InMutt, Puaa, 



CLOT£r A2n> OliOViSB HAT 


73 


Sowing. Grown under field conditions, where the young crop 
is exposed to drying winds, the seedlings are most easUy established 
under a somewhat thin cover-crop of maize (*r jmr. The cover- 
crop protects the soil from wind and sun and also allows the sltaftal 
seekings to develop quickly a strong root-system. The amount of 
seed required is about ten seers to the acre and, before sowing, it 
is an advantage to sprout it. This is done by soakin'g the seed 
in water for a few hours and then spreading it on a damp gunny 
bag, in a layer about hall an inch thick, and covering with another 
damp sack. In from six to eight hours in an ordinary room, sprout¬ 
ing takes place and almost all the seeds just begin to show the 
radicle (young root). The geiminating seed should then be mixed 
with its own weight of dry earth (to separate it for sowing) and be 
sown broadcast on the inigaiion ivaier in the linris as soon as the 
water is at rest. In tliis manner, the seeds root at once and, 
on the second day, germination is complete and the soil is 
covered with rapifdy developing seedlings. A light covering of 
dry earth, applied a-s .soon as possible after sowing, does much to 
assist the .seedlii.c.s and to coi'iserve the moisture. A second light 
watering shordd be given a.s soon as the surface of the ground has 
dried and the seedlings cease to grow. The time of sowing is impor¬ 
tant. Shuftal does not germinate well at Quetta until the summer 
temperature falls during the second half ot August. Late sowings, 
on the other hand, do not do well on account of the cold. It is 
best to sow the crop during the latter part of August and to take 
the first cut towards the end of October or early in November. In 
this way, shaftal develops a strong root-system before the cold 
weather and is able to withstand the frosts of winter without 
damage. 

Irrigation. To obtain the best yield the crop must not be 
over-watered. After the removal of the cover crop in early Sep¬ 
tember, a good deal of water can be saved by the use of a thin 
earth-mulch as soon as the irrigated surface is dry enough. The 
earth-mulch materially as,sists the young crop in establisliing itself 
and is particularly useful when shaftal is sown in gardens without 
a cqver crop. As in lucerne, the need of irrigation water is shown 
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by the change in colour of the foliage. As -soon as the leaves begin 
to darken and the plants appear to contract so that the ground 
can be seen, water should be applied. During the winter, little 
growth takes place and the need of irrigation water is not great 
until rapid growth begins in the spring. 

Yield. In considering the question of yield, it must be remem¬ 
bered that the duration of the crop is limited by the advent of the 
hot weather in June when shaftal flowers and forms seed. To 
obtain the maximum amount of fodder, the crop must be cut as 
soon as possible in the spring and as often as possible. A well- 
established and well-managed crop will yield three cuts of produce 
in the spring before it flowers at the end of May when the last growth 
can be used either for seed or for green-manure. Any delay in 
cutting tends to bring on rust and also weakens the stand. The 
total green crop yielded by shaftal on rmmanured land amounts to 
about 60,000 pounds per acre per annum, but it is probable that 
on land in really good condition more than three crops and a greater 
weight of produce might be obtained. 

Feeding value. Green shaftal is most suitable as a food for 
dairy cows and buffaloes, but it can be used for horses, mules or 
work cattle, provided it is chopped small and mixed with sufficient 
hhusa. If fed by itself in large quantities to these animals, it is 
apt to cause swelling, particularly in the spring when gx'een fodder 
is scarce and animals are likely to over-eat themselves. 

For some years, the shaftal grown at the Fruit Ex|>eriment 
Station has been sold to the Govermiient Military Dairy at Quetta 
where it is considered the best fodder available in the district. 
As it yields a cut in the autumn after tlie lucerne crop is over and 
comes in again in the early spring, the clover crop extends the 
period during which green fodder is available. 

Effect on the soil. The chief value of this crop in the Quetta valley 
is its beneficial effect on the soil in increasing its porosity and water¬ 
holding capacity and in improving the tilth. Shaftal fornis a strong 
tap root-which gives off a very extensive set of fine laterals. These 
penetrate the ground in all directions and so break up the surface 
soil. After a sAqftaJ crop, the tilth improves and the soil assumes 
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that elasticity to the foot which is so characteristic of arable land 
in really good heart. Jf the last crop is ploughed in, the amount 
of organic matter added is of course greater and the* benefit to the 
soil is increased. In fruit growing at Quetta, the growth of ahaftal 
between the trees during the first two or three years not only brings 
in a good revenue but also leaves the soil in excellent condition for 
the production of large crops of well-ripened fruit. Such improved 
soils need no manure for some years and their condition, as regards 
tilth and fertility, is even better than that of the heavily manured 
fields near the Cantomnents. 

Seed supply. About fifteen maunds of sltaftal seed are produced 
over}’ year at the Fruit Experiment Station for general distribution. 
The growers of this fodder should, however, as far as porsible, keep 
a portion of their crop for seed as the demand is increasing rapidly. 

• 

111. Clover Hay. 

The advantage of good hay in the feeding of horses and mules, 
engaged in heavy tiunsport, is well known. In India, real hay is 
however rare and its place is taken by substances such as Musa, 
dried grass or dried lucerne, which are exceedingly hard and brittle 
and which have not undergone the jiiiM fermentation processes 
involved in the preparation of grass or clover hay. 

In 1914, at the suggestion of the Hon. Bir Hemy MacMahon, 
O.C.V.O., Foreign Secretary to the Govci iiment of India, experiments 
on the drying of sliaftal were commenced with the object of 
producing a fodder suitable for army purposes. If this crop is to 
be taken up on the large scale by the zamiudars, particularly in the 
outlying tracts at a distance from the Cantonments, it is clear that 
some method of disposing of it to ailvantage must be devised. 
The demand for fresh sJiaftal is limited as, apart from dahy cows 
and buffaloes, it is not likely to displace lucerne as a green fodder 
for general use. On the other hand, it appeared likely that sJutftal 
could be made into good hay more eiisily than lucerne. 

The difficulties in making good hay In an arid climate like that 
of the Quetta valley are considerable. The extreme dryness of 
the air, combined with the effects of the sun and vdnd, dry any 
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green fodder with giKat rapidity and soon render it so brittle that 
it cannot be handled Avithout breaking it to powder. Such a pro¬ 
duct cannot be fermented and an operation like baling is out of 
the question. The people get over tliis difficulty, in the case of 
lucerne, by making it into ropes AvhUe green. These are afterwards 
dried in the sun and stored. The product, however, is not lucerne 
hay but dried lucerne. No fermentation is possible and there is 
naturally a great loss of leaf involved in the handling of the dried 
ropes. The product has the further disadvantage that it cannot 
easily be baled so that it can only be used locally and is not suitable 
for an army on active service. 

The disadvantages of the extreme dryness of the climate in 
making clover hay can be overcome by drying the fodder in stages. 
After cutting, the shaftal is spread out to dry for a day or two when 
it is turned and allowed to dry for another day. When about half 
dry, it is collected into heaps and pressed down firmly so as to clicck 
the rate of drjnng. Provided the clover is jnit into heaps just at 
the right stage, fermentation soon begins and, on the second day, 
the fodder begins to get warm. At this point, the heaps are opened 
and the produce carried to the stack during which it dries consi¬ 
derably. f^ome little experience is needed in deteiminiug the stage 
at w'hich to stack the fodder. If it is too dry no slow after-fermen¬ 
tation takes place and it becomes too brittle for baling. If, on the 
other hand, it is stacked too damp, overheating takes place and 
the final product •moulds. There is naturally a con.siderablc lati¬ 
tude between these two extreme conditions in wdiich the product 
can be safely stacked. Some drying takes place in the stack and 
this must be allowed for. When properly put up, the final fermen¬ 
tation in the stack is somewhat rapid and the light green product 
changes in colour to brownish green. At the same time, the cha¬ 
racteristic sweet smell of clover hay is developed and the fodder 
loses its harsh and brittle character. Two months in the stack is 
ample for the development of the proper colour and texture after 
which the hay can be baled. 

The loss in Aveight in the process of liay-making is naturally 
considerable and works out betw^oeu 70 and 84 per cent, according 



OLOVEn AND CLOVER HAT 


77 


to the stage of ripeness of the green crop. A fair average would be 
20 pounds of hay to 100 pounds of green slvaftal. 

A number of bales of shaftal hay were preparecT in 1914 and 
placed at the disposal of the Baluchistan Fodder Stores for use at 
Quetta during the past winter. Major Hislop very kindly under¬ 
took to bring the hay to the notice of the various fodder-consuming 
units in the Cantonments and, if possible, to get it tried in one of 
the batteries. Tliis was duly carried out and a full trial of the 
baled shaftal was undertaken with the horses of the 72nd Heavy 
Battery, R.G.A. The Commandant, Colonel M. H. Courtenay, 
R.A., reported on the trials as follows (Letter dated, Amara, July 
30, 1915) 


Itejiort on Shaftal hay at Quetta. 

“ Up till I left my battery (72nd Heavy Battery, R.G.A.) T 
used shaftal. I found 3 lb. hhnsa to one of shaftal made an excellent 
chop, and the horses throve really well on it and the shaftal 
made even (he oiiyed- feeders eat hhma finely^ 1 prefer dried 
shaftal to dried lucerne and furtlier I saved at least 2') per cent, 
h’ cost. 1 can stjongly reconnnend it to any horse-owner in 
Quetta.” 

During the present year, a larger supply of baled shaftal has 
been prepai-ed and tbe product is unquestionably superior to that 
made in 1914 and tried in the 72nd Heavy Battery. The bales 
have been taken over by the Baluchistan Fodder Stoires and 
Major Hislop has kindly agreed to arrange for a further set of trials. 
Arrangements have been made to distribute a number of sample bales 
to the various units so as to make the new fqdder widely known. 

IV. The importance or increased Production in 
THE Quetta Valley. 

The cultivation of shaftal is one of the chief means by which 
the production of the Quetta valley and of other parts of Balu¬ 
chistan can be increased. The increased cropping power of this 
tract is of importance fcom two points of view—^that of the zamin- 
dars and of Government, 
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Prom the standpoint of the zamindars, the cultivation of ahaftal 
would be the means of utilizing the winter rainfall to advantage 
and would aftord a fresh source of green fodder which, \vithout 
much trouble, could be made into excellent hay suitable for use in 
the winter and also for sale to the Army. The fertility of the land 
at the same time would be increased and in a short time the 
outlying tracts would be as productive as the land immediately 
surrounding Quetta. Larger crops would result and a general 
improvement in agriculture would ensue. The water required for 
the sJiaftal crop would be obtained by growing the wheat crop on 
one irrigation instead of the seven now usually applied.' 

From the point of view of Government, any marked increase 
in production in the Quetta valley and in Baluchistan generally 
would mean an increase in general revenue. At the same time, 
the supplies of grain and fodder in the neighbourhood of Quetta 
woidd be improved and the difficulties in providing forage for the 
Army would largely disappear. A supply of shaftxil hay would go 
far to solve many military problems as the adoption of haled clover 
instead of hhnsa would reduce the transport trains of an army on 
active service to a very considerable extent. A fodder reserve 
of pressed shafted could easily be built up at Quetta and it might 
even be possible to export tliis material to the various Cantonments 
in the Punjab. 

' Sec the article on “ The Sowing of IrriBnticm Water in Wheat Growing,” Agrif.ullurtU 
Jownal of India, Vol. XL Part I, 1916. 



SOME SUGARCANE EXPERIMENTS IN 
TRAVANCORE. 

OY 

N. KUNJAN PILLAT, M.A., B, So., Ph.D., 
Diteetor oj Agricftllnre, Travancorf, 


Tkavancore is not a large sugarcane growing eounuy. Out 
of a total area of about 1,942,800 acres under cultivation in 
Travancore, sugarcane is grown only in about 10,000 acres whicli lie 
mostly by the sides of large rivers. Such lands are subject to floods 
during the monsoons and receive therefrom a large deposit of 
silt which naturally adds to their fertility. Within recent years 
the hills of Trav.tnoore have been explored by European planters 
and mostly converted into rubber and tea estates. The extension 
of cultivation into the hills has, as a matter of course, diminished 
the quantity of silt which the rivers carry down; and consequently 
the lands by the sides of the rivers have deteriorated, and the yield 
of sugarcane from them has diminished to a certain extent. Under 
such circumstances, the only course open to sugarcane cultivators 
in Travancore to maintain their yield undiminished year after 
year is to adopt improved methods of cultivation, and particularly 
scientific manuring, of their cane crop. 

With a view to find out the lines of improvements best suited 
to the country under the conditions prevailii^ here, a series 
of experiments was carried out in one of the important sugarcane 
centres during the cultivation season of 1914-15. A short account 
of these experiments and of the interesting and important results 
they have produced is given below. 

The experiments were conducted with three-fold objects, 
namely, (1) to find out the best method of planting sets, {2) to* 

( 79 ) 
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ascertain the advantages of tliick and thin planting of sets, and (3) 
to demonstrate the most profitable method of manuring canes. 

1. M^hod of planting seU. In Travancore the usual prac¬ 
tice is that the land is prepared by ploughing or digging and is 
afterwards levelled and the sets are planted in small pits from 3 
to 4 feet apart. Experiments in other parts of India have shown 
that a better method than tliis is to prepare the land by deep plough¬ 
ing, convert it into ridges and furrows, and plant sets in furrows, 
the canes after a few weeks being earthed up so as to convert the 
original furrows into ridges and ridges into furrows. These two 
methods of plantijig sets were tried in Iwo different plots of 10 
cents each, both the plots receiving the same treatment in every 
other respect, and the result was that the plot in which sets were 
planted in pits yielded 000 lb. of jaggery {gnr) and the other 872 
lb. of jaggery. In other words the ridge and furrow’ system of 
planting sets yielded 720 lb. of jaggery more per acre than the pit 
system. 

2. Thich and thin planting of sets. The sugarcane cultivator 
in Travancore usually plants 10,000 to 15,000 sets per acre. That 
this is more than what is actually required has been proved by several 
experiments carried out in other parts of India. The experi¬ 
ments in Travancore tell the same tale. Two plots of 10 cents 
each were taken up for this experiment; in one, sets were planted 
at the rate of 10,000 per acre, and in the other at the rate of 5,000 
per acre. The former plot yielded 528 lb. of jaggery and the latter 
600 lb. of jaggery. Thus by reducing the number of sets by one- 
half the yield of jaggery per acre increased by 720 lb. 

3. Manuring. The only manure that is ordinarily used for 
sugarcane in Travancore is ashes, and that too not in sufficient 
quantity. With a view to demonstrate the superiority of a com¬ 
plete manure to simple ashes, two plots of 10 cents each were culti¬ 
vated with sugarcane, one receiving 600 lb. of ashes alone, and 
the other a mixture consisting of 300 lb. of ashes, 180 lb. of oil¬ 
cakes, and ^0 lb. of prawnskin (a kind of fish refuse). The yield 
from the first plot was 552 lb. of jaggery and that from the second 
plot 744 lb. Thus the application of the mixture resulted in a 
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net increase of 1,920 lb. of jaggery per acre. Jbis increase, when 
calculated in money at the current market price of jaggery in 
Travancore, is equivalent to about Es. 110. In this cbnnection the 
cost of the manures must also be taken into consideration. It works 
out at Rs. '30 per acre in the case of ashes and Rs. 55 p^r acre in 
the case of the mixture. 

It is interesting to note in passing that tlie bestyielcLof ja^ery 
in the above series of experiments was 744 lb. from a 10 cent plot, 
which is equivalent to 7,440 lb. per acre, and that this is not much 
behind the best yields obtained on Experimental Farms in other 
parts of India. 

The conclusions that may be drawn from the experiments 
described above are the following:— 

(i) Ridge and furrow system of planting sugarcane sets is 

superior to planting them in pits, which is the common 
practice in Travancore. 

(ii) Tliin planting of sets is better than thick planting. 

(ui) Tlie application of a complete manure to the sugar- 

can" crop, such as a mixture consisting of ashes, 
oil-cakes, and prawnskin, is more profitable than the 
application of ashes alone. 



NOTES. 


Rat and Mouse Plagttes.* —These plagues are of periodical 
occurrence in the Bombay Presidency and with the sole exception of 
the Konkan or heavy rainfall tract hardly any part of the Presi¬ 
dency escapes these ravages. The Deccan, in particular, has been 
overrun on several occasions. There arc more than one species but 
Dr. Fairbank of the American Mi&sion states that the three most 
destructive species are (1) the Indian Jerboa rat, (2) the Indian Mole 
rat, and (.S) the large-eared field mouse. The principal rat plagues 
since 1874 are recorded in the Statistical Atlas of the Presidency, the 
worst of which occurred in 1878-80. It broke out almost imme¬ 
diately after the close of the monsoon in October 1878, and rapidly 
spread over the whole Dec:can and Karnatak, December 1879 seeing it 
at its worst. 

Tlie crops most severely attacked were wheat, cotton, jownr and 
garden crops. The only grain saved was that which was hurriedly 
harvested before it was ripe. The immature bolls of cotton were 
destroyed. In 1879 the early crops were damaged just as badly 
as the late ones. Directly the grain was sown it was scratched up 
and eaten and this was repeated three times in many fields. After 
destroying the rdbi crops the rats suddenly decrea.sed in the month 
of December and by the end of March, 1880, they had disappeared 
as unaccountably as they had come. The plague was fostered by 
the religious prejudices of the people who thought that the spirits 
of those who had died of starvation in the previous famine were, 
as compensation, allowed to enter the bodies of the rats, and eat 


•Taken from an article by Mr. T, F. Main in the Poona Agrii^nltural Oollege Magazine 


for October 1916. 
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the unripe grain and seedlings which were unfit for human consump¬ 
tion. A caste of men known as Vaddars showed wonderful skill 
and patience in destroying the rats by digging them out and these 
men earned large rewards, ‘As the result of Government offering a 
reward of one rupee per 100 rat tails, in July 1879, 16 million tails 
were brought in, and in the Dharwar district alone a lakh of rupees 
were distributed in rewards on this scale. In 1892-93 another 
plague of rats is recorded. It originated in tl'e same place as the 
great plague of 1878-80, viz., the eastern talukas of Belgaum but 
did not attain such serious dimensions owing to the timely advent 
of rain and an enormous increase of red ticks which are probably 
one of nature’s principal controlling methods for preventing an 
excessive increase of rats. Digging out was again found to be the 
most successful artificial method of dealing with the rats. In 
1901-02 also rats did enormous damage in Gujarat, Khandesh and 
parts of the Deccan. 


Explanation of rat plagues .. 

It ma;.’ be *- ,keu for granted that a plague of rats always points 
to the failure of some natural controlling agency which usually 
acts as a check on excessive breeding. In the black soil tracts 
where rats are always plentiful any abnormal incresise in numbere is 
usually checked owing to the soil swelling wdth the first heavy rain 
of the monsoon, and smothering large numbers. There was an 
absence of heavy rain in the monsoon of 1878 immediately before 
the great plague, and it Avas observed that those tracts wliich had 
suffered most in the famine of 1876-77 also suffered most from the 
rat-plague. This fact also supports the cdnjecture that the usual 
underground stores of grain, brought by the rats from the ripening 
crops, were reduced so greatly that this shortage of stored food 
drove the rats to seek food on the fallows—where they increased 
enormously owing to the favourable season. It must be noted, 
however, that a Avet season does not necessarily imply an absence 
of rats. In 1914-15 after a heavy monsoon Khandesh crops suffered 
severely from rats. Apart from the indirect effect of rain the mo^ 
powerful check on the natural fecundity of the rat is probably the 
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red tick referred to above. The snake and mongoose are also 
formidable er^emies. 


Damage caused by . 'Us. 

It is on record that in the great plague of 1878-80 only one- 
eighth of the early crop was saved in f^holapur district and that 
remissions of land revenue amounted to Rs. 88,480, while in the 
Poona district the haivests were reduced by three-fourtlLS in the black 
soil tracts. In some parts of Khandesh the people did not harvest 
the wheat crop in 1914-15 as not a head of corn was left iiv the field. 
Mr. Gadgil reports that at Ner in Khandesh in the season of 1914-16 
he found underground stores, measuring 4 feet by 4 feet and from 
2 to 4 feet deep, containing as much as 16 lb. of car-heads from 
which 10 lb. of grain were threshed. The Vaddars make a practice 
of digging out these stores to lecover the grain and they also eat 
the rats. In Khandesh i)arties of Bhils were employed in 1914-15 
to dig out the rat holes and recover the grain, a remuneratioirat the 
rate of one-third'of the grain so recovered being given. During a 
plague of rats if cotton remains unpicked for a short time large 
quantities of kajKis are pulled off the plants and conveyed into the 
soil fissures where the rats eat the seed. 

Cmrtrol. 

As notexl above the most successful method of dealing with rat- 
plagues adopted in the past was to dig out their burrows, but this is a 
most laborious process and various alternative methods have been 
tried. Concealing arsenic, barium carbonate or glass in small pieces 
of food has been tried but has not proved effective due—(1) partly 
to the fact that there is abundance of good food and hence any 
addition to it does not make any special appeal to the rats, and (2) 
the natural instinct of the rats, which undoubtedly warns them 
against such food after the first few deaths. The invariable 
experience with poisoned baits has been considerable success for a day 
or two followed by failure. Trapping is not practicable, the num¬ 
bers being too large. The most efficient weapon which we have 
80 far discovered for use against field rats is fumigation. At Nadi a 
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Mr. Jhaveri who conducted the experiments happened to possess 
a white ant exterminator consisting of a vessef withhx which char- 
* coal and sulphur are burnt and to which is attached a flexible wire 
tube and pump for discharging the sulphur fumes into the rat holes. 


The procedure of fumigation. 

In practice it is usual to find that several holes ar^ connected 
one with another by run-ways in all directions, and it is necessary 
to stop up all bolt holes before pumping in the sulphur fumes. The 
machine is then worked for about three minutes. For this purpose 
one tola of sulphur powder per hole is required and about sixty to 
eighty holes can be fumigated in a day by a party consisting of two 


* IteniH. 
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trained coolies at a total 
cost * of less than one 
. rupee in tjomdn (sandy) 
soil. It was feared that 
fumigation would prove 
difficult in the, black 
soil where large eiacks extend in eveiy direction, Init i( Jias been 
found possible to weak if’ on these soils if an extra coolie be 
employed to assist iti scraping loose soil over the craclvs. In this 
way it was founil that the sulphur fumes spread t hrough an area 
varying from onc-tenth to one-half gunilm according to the length 
and width of the fissures and for this purpose to 2 tolaa of sulphur 
were used, the time required for such an operation varying from 
6 to 7 minutes. 

A white ant exterminator is a rather expensive machine, costing 
some sixty-eight rupees when imported, but it js hoped to get suitable 
machines made in the Presidency at a much lower figure. 


* * 

* 

Indian Hvoscyamus. —^The great European war which has 
now been raging for over seventeen months has brought the 
world face to face with many economic problems which have 
previously escaped the notice of the general public. We read of 
the disturbance caused in the world’s dye markets and the trades 
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dependisg upon artificud d 7 es bj the is(dation o£ Germany, and 
one important phase of this in Indian rural economics is that 
the natural Indigo Inrade has taken a new breath of life for the 
time being. Grermany for the first time to the uninitiated appears 
in the r61e of the principal producer and controller of the world’s 
supply of fine chemicals. Not least in importance of these 
are the many medicinals of which Great Britain and her 
dependencies now find themselves short, dangerously short. A 
number of these compounds belong to the class of so-called synthetic 
drugs—^that is to say such medicines as antipyrine, sulphonal, etc., 
which are artificially manufactured from simpler compounds. But 
besides these the faculty still has to make use of a number of plant 
products, medicinal principles, which can be isolated only from 
specific plants and parts of plants like quinine from the Chinchona 
bark; strychnine from the Nnx votnim; and atropine from the 
Atropa belladonna. Similar to atropine is another well known 
mydriatic alkaloid of wide use, viz.; —hyoscyamine—which is 
obtainable from the Hyoscyamus niger —the henbane of the English 
country lane. The writer recently had occasion to analyse a sample 
of Indian Hyoscyamus (probably the Hyoscyamus muticus —an 
allied species of the genus Hyoscyamus) grown in the Punjab 
where large quantities of the plant occur in the wild state along the 
river sides. The assay showed the dried plant to contain the ver}' 
high amount of 0'827 per cent, of mydriatic alkaloids. This is very 
much richer than the English henbane, in fact it is nearly ten times 
as strong. Specimens of Indian henbane have been known to contain 
as much as 1 '28 per cent, of alkaloid and unlike the English variety 
Hyoscyamus niger which contains the alkaloids hyoscyamine, hyoscine, 
and scopolamine the Indian variety muticus is said to contain only 
hyoscyamine. As a source of this important alkaloid hyoscyamine 
Indian Hyoscyamus should receive the attention of the manufac¬ 
turer of fine chemicals and drugs. 

For the information of those readers of the Journal who are 
interested in the chemistiy of this subject or the manufacture of 
hyoscyamine, below are given the details of the method of assay 
used, which is a modification of that devised by Rupp. {Pharm. 
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Ze^. 1908, 738; Ohm. ZeU. Bep. 1908, 32 629; Pharm. J. Russ 
1911,138; J. Pharm. Ohm. 1911, 3,651). The method can be used 
*for assaying extracts oi belladonna also. • 

Twenty-five grams o£ the powdered leaf are extracted with 300 cc. 
hot alcohol Sp. Gr. 0'829 in a Soxhlet tube (4 times was found sufficient 
to exhaust the leaves and obtain a washing free from alkaloids). 
The alcoholic extract is evaporated until a sticky brown mass is 
obtained. This is weighed and the weight noted. Six gi'anis of the 
extract so obtained is weighed into a stoppered flask. About 5 cc. 
of water, 90 grams of ether and one gram of ammonium hydrate 
are then added and the mixture shaken for 15 minutes. After 
separation 60 grams of the clear ethereal layer is filtered off and the 
solvent evaporated. Tlie residue is then treated with 5 grams of 
ether and again evaporated to dryness. This is repeated three 
times, each time with 5 grams ether. The residue is then dissolved 
in 5 grams of alcohol 70 per cent, and the solution transferred to a 
graduated 100 cc. flask. 

The first flask ii. washed out witli another 5 cc. of alcohol 70 
per cent, end then with water. To the bulked wdshiiigs is added 
20 grams of sodium chloride and 20 cc. of N/lOO HCL are added 
with sufficient water to bring the whole contents uj) to 100 cc. 
After thorough agitation the solution is filtered. 50 cc. of the fil¬ 
trate is transferred to a stoijperod flask. 30 cc. of ether and 6 drops 
of lodeosine indicator are added. The excess of hydrochloric acid 
< is then determined by titration with N/lOO KOH in the usual 
manner. 

In the meantime a blank experiment toith the same reagents 
but without any extract of the leaves, is performed to obtain the 
correcting factor for reagent impurities, and‘this is deducted from 
the above titration figure. This precaution is absolutely necessary 
as a correction of upwards of 2 cc. of N/100 HCL is frequently found. 

Each cc. of N/lOO HCL used by the alkaloids = 0’00289 of 
mixed alkaloids as hyoscyamine. 

This is not the first time that Indiap Hyoscyamus has been 
examined, for Dunstan and Brown examined a specimen (J. C. S. 
1899, 76,72), but only 0*1 per cent, of alkaloid was then recorded.. 
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It is possible that more than one variety of Hyoscyamus exist and 
that the alkaloidal contents of the varieties difier considerably. 
It is also more than likely that the amount of active principle present' 
will depend upon the age and condition of the plant, for Godamer 
{Arch. Pharm. 1898.28), has shown that in Hyoscyamus muiicus the 
stalk contains 0*49 per cent., the leaf 0’9 per cent., and the seed 
capsule 0'585 per cent, of alkaloid. 

Previous to the outbreak of the present war not only was a 
large proportion of the drug grown in Germany but German 
chemists practically held a monopoly for the manufacture of 
the alkaloid. 

If then the supply of this substance falls short of the demand, 
English manufacturing chemists can obtain an adequate supply 
of the raw material from Northern India, for the plant can be 
exported in the dry state without impairing its value for alkaloidal 
manufacture.—(J. H. Barnes.) 

* * 

* 

In view of the present cross-breeding experiments being carried 
on in the various dairy farms aud milk centres of India with various 
breeds of English cattle, the 1914 Year-Book of the British Holstein 
Cattle Society is of great interest. It is clear from a glance that 
this breed is now the foremost of its type, a type which is undoubted¬ 
ly the most useful for all-round purposes. 

It gives an enormous quantity of milk with an average yield 
of 3'30 per cent, of fat. This, while low in comparison with the 
Jersey’s 5’13 per cent, aud the Guernsey’s 4’87 per cent, when 
taken in comparison with the average milk yield per day of the 
three breeds, works oqt strongly in favour of the Holstein which 
gives 48’9 lb. of milk per day to the Guernsey’s 28'9 and the Jersey’s 
24*5, while the Ayrshire whips in with 3*85 per cent, of fat and a 
daily yield of 2^•^ lb. 

These figures total up to an averaye daily fat yield of 
lb. 1'61 from the Holstein, 

,, 1'41 from the Guernsey, 

„ 1'26 from the Jersey, 

. „ 1*07 from the Ayrshire, 
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which points to the undoubted fact that the Holstein can hold its 
own witl^.any breed over an entire day’s average, although the fat 
content is undoubtedly lower in any given sample of milk taken 
from it; for when one compares a 600-gallon cow giving 6 per cent, 
fat with a 900-gallon Holstein giving only 3’5 per cent., you get a 
balance of fat in favour of the Holstein over a year’s working of 
some 16 lb. 

The fat globules of Holstein milk are very small and the milk 
is naturally easy of assimilation. It is therefore especially suitable 
for the feeding of infants. This fact is very well appreciated in 
the United States of America. 

The Holstein is a large, vigorous animal, yet docile and gentle. 
She is a real genuine ranger and will pick up a living anywhere, 
while her constitution is thoroughly sound and her (lidves hardy 
and strong. She also breeds to a good old ago and milks freely 
to the end, w’hile when dried off she fattens uj) rapidly, being devoid 
of that carious inability to fatten which is characteristic of so many 
mUk breeds. It o’ould therefore seem that in this (lountry where 
the cow iihat gives very little milk with a high peniontage of fat 
is all too conunon an out-cross with this vigorous breed is bound to 
do much good, for the size of the Holstein and great breadth and 
strength compared with the angularity shown by tlie usual milk 
breed should make the bull-calves grow into excellent draught 
animals and it is obvious that the mUch stock with such enormous 
records behind them, 1,000-gallon cows being quite common now, 
cannot fail to become milk producers of the first class, as in the 
whole brood there is ingrained a hardiness of constitution unim¬ 
paired by any extensive in-breeding for Shojv Yard purposes which 
undoubtedly undermines and brings to a speedy close the careers 
of so many first class bulls out here. 

This breed is descended from Friesian cattle, one of the several 
groups of Dutch cattle imported into England. It may be men¬ 
tioned that Dutch cattle have been instrmuental in the develop¬ 
ment of the dairy herds in many countries and prosper even in the 
Arctic regions of Hussia. They are most famous in America where 
the importation of pure bred cattle has been considerable. In 
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South Africa these cattle are very widely distributed over the Cape 
and Free State Provinces and over the Transvaal. New Zealand 
and Japan ase now importing great numbers of Friesian cattle, 
and taking into consideration the number of different climates they 
have proved a success in and the diseases they have been proof or 
almost proof against, no greater testimony can be paid to their 
universal hardiness and suitability for all countries. 

It would seem therefore, that we should give an extended and 
careful trial to this extraordinarily useful breed, which may have 
the power of benefiting our dairy work to a considerable extent.— 
(Wynne Sayeb.) 



REVIEWS. 


The Score Card System of Dairy Farm Inspection.- Published by the 
National Clean Milk Society, 2, Soho Square, London. Price 6d. 

This pamphlet is based on the American method of controUing 
dairy inspection by means of score cards enabling the Government 
to see at a glance in which particidar the dairies of the country fail 
and what steps can be taken to improve the niethods at present 
in vogue—and where legislation will have a beneficial effect in 
maintaining the pmity of the milk. The score card for the inspec¬ 
tion of dairy farms is designed to direct attention to all the 
essential dcdails in nroduction of clean milk and indicates from 
the proportion of marks allotted the relative importance of each 
item in relation to the conditions as a whole. It sets up an ideal 
standard for a producer of milk. The division of the card into 
columns for e<_iuipment and for methods enables a faiiner to realize 
more clearly whether the improvement of any condition is 
within his jwwer or not. In the United States of America the 
system is not confined to the inspection of farm dairies but 
different score cards are also used for w'holcsale milk dealers’ 
premises and for retail milk shops. * 

This system of inspection will be appreciated more and more 
as people realize that the cleanliness of milk is of greater value 
from the point of view of health than its chemical composition 
and that this cleanliness is promoted by the production and handl¬ 
ing of milk under sanitary conditions. 

At a first glance it would seem that the card aims at an im¬ 
possible perfection—at least for India—Jbut there is little doubt 
that any Indian dairy which could get 10 marks out of the 
possible 100 would be a phenomenon. It would seem thattctha 

( ) 
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healtbi of cows and cleanliness of utensils and attendants aie 
the places where an attempt ought to be made to _ at least 
colourably imitate the millennium advocated in the pamphlet. It 
is obviously not going to be easy to have the well drained and well 
situated cowsheds advocated, and it would seem best to do all that 
can reasonably be accomplished with the material in hand, and 
after all to get milk from a healthy cow drawn by a clean pair of 
hands into a clean utensil is making a very great advance on the 
conditions which arc all too prevalent nowadays. It is when the 
mUk and dairy industry becomes properly organized that we shall 
get properly built and properly drained cowsheds which will be a 
natural adjunct to a large and properly conducted milk business. 
At present the best we can do as regards buildings is to collect 
the gaoUs of any paiticular town and put them up a budding under 
the co-operative scheme where they can be controlled; any indi¬ 
vidual effort would be doomed to failure. There is, however, in the 
pamphlet an interesting paragraph on the small top milk pail to 
which on the score card what may seem an und\dy high percentage 
of points is given. But on examining the results of tests it is seen 
that no single improvement has produced such a beneficial effect 
on indk cleanliness. It is here in the jiurchase and use of such 
utensils that much can be done towards attaining a moderate 
standard of cleanliness which will, it is hoped, be the forerunner 
of an era of clcanUncss which must supersede the present methods 
of the gaoli if the health of the country is going to improve, for 
it is difficult to imagine a greater danger to the infant life of India 
than the present state of dirt and dishonesty which seems insepar¬ 
able from mUk and its purveyors.—(W. S.) 



